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INTRODUCTION 


This  report  contains  the  results  obtained  from  evaluating  twenty-one  positive 
displacement  hydraulic  fluid  power  pressure  balanced  vane  pumps  under  contract 
#DAAK70-81 - C- 0002  from  December  1980  through  April  1982.  The  evaluation  program 
consisted  of  the  following  major  parts: 

1.  Industry  Surveys 

2.  Break-in  and  Performance  Tests 

3.  Endurance  Tests 

4.  Thermal  Stability  Tests 

The  U.S.  hydraulic  fluid  power  pump  manufacturers  were  surveyed  to  determine  their 
break-in  procedures  on  vane  pumps  and  their  thermal  stability  test  procedures 
on  various  types  of  pumps  ie.  (gear,  vane,  piston).  The  survey  results  were 
summarized  and  used  to  develop  a  universal  break-in  procedure  for  vane  pumps 
and  universal  thermal  stability  test  procedure  for  pumps  in  general. 

Seven  vane  pumps  each  from  three  different  manufacturers;  Vickers,  Denison  and 
Rexroth  were  tested  according  to  the  universal  break-in  procedure  after  which 
they  were  performance  tested  at  multiple  speeds,  pressures,  and  temperatures  to 
determine  overall  efficiency  characteristics.  One  pump  from  each  manufacturer 
was  broken- in  using  oil  contaminated  with  AC  Fine  Test  Dust  to  determine  if  the 
contamination  would  effect  break-in  and  performance  characteristics.  The 
remaining  six  pumps  from  each  manufacturer  werebroken-in  on  clean  oil. 

The  pumps  broken-in  on  clean  oil  were  subjected  to  one  of  two  types  of  endurance 
tests.  The  first  test  was  500,000  cycles  in  length  and  lasted  140  hours.  The 
pump's  outlet  pressure  was  cycled  from  200  psi  to  115  percent  of  rated  pressure  at 
rate  of  60  hertz.  The  other  test  was  1000  hours  in  length  and  the  outlet  pressure 
was  cycled  from  200  psi  to  rated  pressure  at  a  rate  of  60  hertz.  Both  endurance 
tests  ran  with  a  contamination  level  of  less  than  100  particles  per  millilitre 
greater  than  10  micrometres. 

The  performance  tests  were  conducted  in  accordance  with  NFPA  T3.9.17R1  Draft  5 
dated  March  20,  1980.  The  1000  hour  endurance  test  was  conducted  in  accordance 
with  MIL-P52675  dated  January  15,  1970.  The  other  endurance  test  was  conducted 
in  accordance  with  MERADCOM  test  procedure  "Method  of  Establishing  the  Durability 
of  a  Fixed  Displacement  Fluid  Power  Pump  Tested  in  Lots"  dated  February  1980. 

These  test  procedures  are  included  in  appendicies  in  this  report. 

The  pumps  evaluated  in  this  test  program  had  the  following  ratings: 

Pressure:  2500  3000  psi 

Displacement:  2.73  in 3/rev  — >  3.05  in^/rev 

Speed:  1800  rpm  2800  rpm 

The  test  fixtures,  equipment,  instrumentation,  and  instrument  calibration  procedures 
utilized  in  this  program  are  the  same  as  the  ones  developed  under  contract 
DAAK70-77-C-0214,  "Gear  Pump  Studies". 


BREAK-IN  PROCEDURE  SURVEY  SUMMARY 


The  January  1981  Hydraulics  and  Pneumatics  Designers  Guide  to  Fluid  Power 
Products  was  used  to  determine  the  companies  to  be  surveyed.  Originally  17 
companies  were  surveyed.  Follow  up  telephone  calls  revealed  that  8  of  the  17 
companies  actually  manufactured  their  own  vane  pumps.  The  remaining  companies 
were  distributors  or  they  purchased  another  company's  pump  and  put  their  own 
name  on  it.  Six  of  the  8  companies  who  are  manufacturers  responded  to  the 
survey  which  is  75%.  One  of  the  six  respondents  said  all  of  their  procedures 
were  proprietary  and,  therefore,  he  could  not  reveal  any  information. 

Only  two  of  the  six  survey  returns  described  break-in  procedures  which  is 
33.3%.  One  was  a  production  acceptance  test  at  1200  and  1800  rpm  from  0  to 
maximum  pressure  (not  cycling)  using  a  special  fluid.  The  other  procedure  was 
also  a  production  test  which  consisted  of  measuring  flow  at  rated  speed  and 
pressure  then  dropping  the  pressure  to  100  psi  and  measuring  flow  again.  Then 
the  speed  is  dropped  to  600  rpm  and  the  flow  is  measured  at  1500  psi.  The 
complete  test  lasts  approximately  45  seconds.  It  is  performed  with  SAE  10W  oil 
at  130  and  180°F. 
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BREAK-IN  PROCEDURE  SURVEY  STATISTICAL  RESULTS 


Note:  NA  stands  for  No  Answer. 


1.0  Break-In  Procedure  General 

1.1  Do  you  have  a  criterion  for  determing  the  point  at  which  a  pump  is 
satisfactorily  broken  in? 

YES  17%  NO  50%  NA  33% 

1.2  Is  your  procedure  based  on  developmental  or  laboratory  studies' 

Developmental  YES  33%  NO  0%  NA  67% 

Laboratory  YES  17%  NO  17%  NA  66% 

1.3  Has  your  procedure  evolved  over  time  and  experience  with  product? 

YES  33%  NO  0%  NA  67% 

1.4  Was  your  procedure  arbitrarily  arrived  at? 

YES  17%  NO  17%  NA  66% 

1.5  Are  identical  procedures  used  in  production  prior  to  pro.  shipment 
and  in  the  service  department? 

Y.3  33%  NO  0%  NA  67% 

1.6  Do  your  engineering  department  recommendations  or  laboratory  test 
procedures  differ  from  1.5  above? 

YES  17%  NO  17%  NA  66% 

2.0  Break-In  Procedure  Specifications 

2.1  Do  you  conduct  your  pump  break-in  at: 


Constant  Pressure 

YES 

17% 

NO 

33% 

NA 

50% 

Constant  Speed 

YES 

33% 

NO 

17% 

NA 

50% 

Constant  Torque 

YES 

0  % 

NO 

33% 

NA 

67% 

2.2  Do  you  have  contamination  sensitivity  test  results  on  your  pumps? 

YES  17%  NO  33%  NA  50% 

2.3  Do  you  have  different  break-in  procedures  for  different  Vane  pump 
design  features  such  as  bearing  types,  bearing  mounts,  shaft  seal 
types,  and  pressure  loaded  wear  plates? 

YES  0  %  NO  67%  NA  33% 
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3.0  Are  you  willing  to  submit  to  MSOE  an  oil  sample  from  your  break-in 
test  stand  for  contamination  particle  counting  and  water  content  in 
exchange  for  the  fluid  analysis  results  at  no  charge  to  you? 

YES  33  NO  17%  NA  50% 


Vane  Pump  Design  Features 

YES 

NO 

NA 

Needle  Bearings 

17% 

0  % 

837 

Rol ler  Bearings 

0  % 

0  % 

1 00 

Hydrodynamic  Plain  Bearings 

17% 

0  % 

83‘ 

T.F.E.  Plain  Bearings  Steel  Backed 

33% 

0  % 

67: 

T.F.E.  Plain  Bearings  Filament  Wound 

0  % 

0  % 

1  00% 

Resi 1 ient  Shaft  Seal 

33-' 

0  % 

6  7  % 

Mechanical  Shaft  Seal 

17% 

u  % 

83 : 

Press  Fit  Bearing  Mount 

33% 

u  % 

67% 

Self-Aligning  Bearing  Mount 

0  % 

D 

100’. 

Pressure  Loaded  Wear  Plates 

33% 

u  % 

67: 

6.0  Do  you  currently  manufacture? 

6.1  Fixed  displacement  vane  pumps 

YES  50%  NO  17%  NA  33% 

6.2  Variable  displacement  vane  pumps 

YES  17%  NO  50%  NA  33 

7  0  Do  you  currently  manufacture  a  fixed  displacement  vane  pump  in  accordance 

with  the  following: 

7.1  3  in^/rev  displacement: 


YES 

33% 

NO 

33% 

NA 

34% 

2500  - 

3000  psi 

continuous 

pressure: 

YES 

33% 

NO 

33% 

NA 

34% 

2500  - 

3000  rpm 

continuous 

speed: 

YES 

33% 

NO 

33% 

NA 

34% 

8.0  If  you  answered  no  to  any  questions  in  section  7,  what  are  your  ratings? 

8.1  Displacement  0-2  in^/rev  vari'ble  displacement  2.7 

Pressure  rating  2000,  1000 

Speed  rating  1800  2400,  1000 
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BREAK-IN  PROCEDURE  FOR  FIXED  DISPLACEMENT  VANE  PUMP 


The  break-in  procedure  was  developed  using  responces  from  a  survey  of  vane  purrs; 
manufacturers .  The  original  survey  is  in  Appendix  A  of  this  report. 


1.  Install  the  test  pump  in  the  Break-in  and  Performance  test  circuit. 

2.  Bring  system  temperature  up  to  120°F  and  verify  system  contamination  level 
to  be  less  than  100  particles  per  mil  litre  greater  than  ten  microns. 

3.  Start  the  test  pump  and  increase  speed  to  manufacturers  rated  in  less  loan 
one  minute  with  the  outlet  pressure  less  than  250  psi . 

4.  Load  the  pump  at  the  following  pressure  increments  and  time  intervals. 

Set  speed  initially  at  manufacturers  rated  speed  and  minimum  pressure  whit*' 
is  less  than  250  psi.  Do  not  readjust  the  speed  at  each  load  pressure. 

Minimum  pressure  for  2  minutes 

25%  of  continuous  rated  pressure  for  2  minutes 

Minimum  pressure  for  2  minutes 

50%  of  continuous  rated  pressure  for  2  minutes 

Minimum  pressure  for  2  minutes 

75%  of  continuous  rated  pressure  for  2  minutes 

Minimum  pressure  for  2  minutes 

100%  of  continuous  rated  pressure  for  2  minutes 

Minimum  pressure  for  2  minutes 

At  each  data  point,  record  inlet  and  outlet  pressures  and  temperatures,  in;:u 
speed  and  torque  and  output  flowrate. 

5.  Run  the  pump  for  three  hours  at  maximum  rated  speed  and  maximum  continuous 
rated  outlet  pressure.  Record  inlet  and  outlet  temperatures  and  pressures, 
input  speed  and  torque,  and  output  flowrate  every  five  minutes  to  determine 
changes  in  overall  efficiency. 

6.  At  test  completion,  take  an  oil  sample  and  verify  that  the  contamination  lev 
is  less  than  100  particles  per  millilitre  greater  than  10  microns. 


CONTAMINATED  OIL  BREAK-IN  PROCEDURE 


One  of  the  seven  pumps  from  each  manufacturer  were  broken  in  on  contaminated  oil. 
The  oil  was  contaminated  using  AC  Fine  Test  Dust  to  a  level  of  800  to  1000 
particles  per  millilitre  at  ten  micrometers.  All  other  break-in  procedures  were 
identical  to  procedures  mentioned  on  the  prev.ojs  page. 


POWER  CONVERSION  TEST  PROCEDURE  FOR 


FIXED  DISPLACEMENT  VANE  PUMPS 


The  pumps  were  tested  in  accordance  with  NFPA  specification  T3.9.17R1  which  is 
included  in  appendix  C  of  this  report. 

The  pumps  were  tested  using  MIL  2104C  grade  10  oil  at  two  inlet  temperatures , 
120°F  and  180°F.  The  tests  were  conducted  at  six  outlet  pressures,  from  100% 
of  manufacturers  rated,  to  a  minimum  of  250  psi  or  less,  in  20%  increments. 

The  tests  were  also  conducted  at  five  speeds,  ranging  from  maximum  rated  speed, 
to  2o%  of  maximum  rated  speed,  in  20%  increments.  The  pumps  were  run  at  each 
speed,  with  outlet  pressure  being  varied  from  maximum  to  minimum,  this  produced 
a  maximum  of  30  data  points  at  each  temperature.  Due  to  unstable  conditions 
in  the  pump,  some  of  the  pumps  could  not  be  run  at  20%  of  rated  speed. 
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SUMMARIZED  OVERALL  EFFICIENCIES  FOR 
THREE  HOUR  BREAK-IN  TEST 


The  initial  and  final  overall  efficiencies  do  not  necessarily  represent 
the  highest  and  lowest  values  obtained  during  the  test.  The  averages 
shown  were  obtained  using  all  the  efficiencies  calculated  in  the  test, 
not  just  the  initial  and  final. 

A  positive  change  indicates  a  higher  overall  efficiency  at  the  end  of  the 
test,  a  negative  charge  indicates  a  lower  overall  efficiency  at  the  end 
of  the  test. 


OVERALL  EFFICIENCY 


MANUFACTURER 

CODE 

FPI 

PUMP 

NUMBER 

INITIAL 

FINAL 

AVERAGE 

CHANGE 

_ 348 

80.18% 

77.68% 

77.95% 

-2.5%  . 

_ 349.. . 

81.26% 

79.52% 

79.85% 

.-1.74% 

Ml 

ess 

72.26% 

72.71% 

72.74% 

-4.55% . 

. 35J _ 

81.39% 

78.17% 

80.43% 

-3.22%  . 

352  .. 

,81.61% 

79.51% 

79.78% 

-2.1% 

—351 

79.65% 

81.02% 

80.37% 

+1.37%  .. 

-?  772 

T55 _ 

83.15%  -  _ 

81.76%  ... 

82.04%  .  . 

.-1.39% 

356 

82.99% 

81.45% 

82.12% 

-1.54% 

M2 

_ 357 . 

81.17% 

75.27% 

79.07% 

-5.9% 

_  358. . 

83.41% 

81.50% 

82.23% 

-1 .91% . . 

359.* _ 

..81..Q6J!  . 

79.62% 

81.22% 

-1.44% 

_  78.61% 

77% 

.77.6% 

361 

70  «Q2 

Bnl  1 

.362  * 

79.43%  . 

30.06% 

79.14% 

+0.63%  .  .. 

_ 363 

82.42% 

78.26% 

80.66% 

.  -4..16%  . . 

81.02% 

77.39% 

78.02% 

-3.63% 

M3 

365  . . 

75.29% 

73.86% 

73.37% 

-1.43% 

_  366 

81.05% 

81.46% 

81.83% 

+0.41% 

_ -367 

80.25% 

79.67% 

80.13% 

-0.58% 

368 

77.95% 

KXEM 

■nnHi 

*  Pump  broken  in  on 

di rty  oi  1 

s 


*Datd  for  pump  #367  at  180°  was  not  available  due  to  a  malfunction  in  tn~ 
torque  shaft.  This  caused  erroneous  efficiencies  and  displacement 
calculations.  Therefore  the  data  was  omitted. 


BREAK-IN  AND  PERFORMANCE  TEST  OBSERVATIONS  AND  CONCLUSIONS 


Sixteen  of  the  twen*  '-one  pumps  had  a  decrease  in  overall  efficiency  at  the 
end  of  the  three  hour  break-in  test.  The  drop  in  efficiency  ranged  from 
.058  to  5.9  percent.  The  remaining  five  pumps  had  an  increase  in  overall 
efficiency  at  the  end  of  the  test.  The  increase  in  efficiency  ranged  from 
0.30  to  1 .43  percent. 

One  pump  from  Manufacturer  Ml,  two  pumps  from  Manufacturer  M2,  and  two 
pumps  from  Manufacturer  M3  had  an  increase  in  overall  efficiency  during  the 
three  hour  break-in  test. 

The  decrease  in  overall  efficiency  for  all  three  manufacturers  is  due  to 
a  decrease  in  flowrate  during  the  three  hour  test.  The  increase  in  overall 
efficiency  for  all  three  manufacturers  is  due  to  an  increase  in  flowrate 
during  the  break-in  test. 

The  change  in  flow  can  be  caused  by  speed,  pressure  and  temperature  changes. 
During  the  three  hour  break-in  test,  the  pressure  and  temperature  were 
controlled  closer  to  the  target  values  as  compared  to  the  speed  which 
varied  by  as  much  as  50  rpm.  The  variation  in  speed  could  account  for  as 
much  as  a  2  percent  change  in  flow.  Therefore,  overall  efficiency  changes 
either  pulse  or  minus  could  be  caused  in  part  by  variations  in  the  test 
parameters  and  not  a  change  in  the  operating  characteristics  in  the  pump. 

It  is  the  opinion  of  the  writer  that  part  of  the  overall  efficiency  change 
is  caused  by  variations  in  test  parameters,  and  part  is  caused  by  changes  in 
pump  operating  characteristics. 

The  pumps  broken  in  on  contaminated  oil  from  Manufacturers  Ml  and  M2  had 
decreases  in  overall  efficiency  during  the  three  hour  break-in  test.  The 
pump  from  Manufacturer  M3  had  increased  in  overall  efficiency  which  is  small 
in  comparison  to  the  amount  of  decrease  in  overall  efficiency  which  occurred 
in  the  other  two  pumps  broken  in  on  contaminated  oil.  The  contaminated  oil 
apparently  created  better  sealing  surfaces  in  the  pump  increasing  volumetric 
efficiency. 

The  decrease  in  overall  efficiency  for  Manufacturer  Ml's  pump  broken  in  on 
contaminated  oil  was  the  largest  of  all  of  Ml's  pumps  and  was  caused  by  a 
decrease  in  flowrate.  This  pump  also  had  the  lowest  overall  efficiency  of 
all  of  the  Ml  pumps.  The  contaminated  oil  apparently  caused  and  irreversible 
decrease  in  volumetric  efficiency. 

The  decrease  in  overall  efficiency  for  the  M2  pump  broken  in  on  contaminated 
oil  was  in  the  mid  range  of  the  M2  pump's  efficiency  change.  Therefore, 
the  contaminated  oil  apparently  had  no  effects  on  efficiency. 

The  effects  of  contaminated  oil  during  break-in  are  apparently  dependant 
upon  manufacturer's  design,  materials  and  production  quality  because  the 
contaminated  oil  affected  each  manufacturer's  pump  in  a  different  way. 


10.  Manufacturer  M2  had  consistently  higher  efficiencies  than  Ml  and  M3  at  the 
start  and  finish  of  the  three  hour  break-in  test. 

11.  Manufacturer  M2  also  had  consistently  higher  efficiencies  on  the  power 
conversion  test  at  both  inlet  temperatures. 

12.  For  the  twenty-one  vane  pumps  tested  the  maximum  overall  efficiency  varied 
from  77.5  to  96.7  percent  at  120°F  inlet  temperature.  At  180°F  inlet 
temperature  the  maximum  overall  efficiency  varied  from  69.1  to  96.6  percent. 

The  oil  used  in  this  test  had  a  viscosity  at  18u°F  lower  than  the  minimum 
recommended  by  all  three  manufacturers.  That  is  the  reason  why  the  efficiencies 
are  lower  at  the  high  temoerature. 

13.  Manufacturer  Ml's  maximum  overall  efficiencies  varied  from  79.6  to  82.1 
percent  at  120°F  inlet  temperature  and  77.9  to  80.4  percent  at  180°F 
temperature.  The  pump  broken  in  on  contaminated  oil  was  omitted  from  this 
analysis  because  it's  efficiency  was  not  representati ve  of  the  other  pumps. 

The  range  of  efficiency  at  120°F  was  7.1  percent  and  11.9  percent  at  180°F. 

This  was  the  smallest  range  of  efficiencies  for  the  three  manufacturers . 

14.  Manufacturer  M2's  maximum  overall  efficiencies  varied  from  87.6  to  96.7 
percent  at  120°F  inlet  temperature  and  80.3  to  96.6  percent  at  180°F  temperature. 
The  range  of  efficiency  at  120°F  was  13.1  percent  and  16.3  percent  at  180°F. 

This  was  the  greatest  range  of  efficiencies  for  the  three  manufacturers. 

15.  Manufacturer  M3's  maximum  overall  efficiencies  varied  from  77.5  to  90  percent 
at  120°F  inlet  temperature  and  78.9  to  95.6  percent  at  180°F  temperature. 

The  range  of  efficiency  was  12.5  percent  at  120°F  and  15.7  percent  at  180rF. 

16.  For  all  three  manufacturers,  the  range  of  maximum  overall  efficiencies  were 
greater  at  180°F  than  at  120°F  inlet  temperature.  This  condition  is  probably 
due  to  the  oil's  viscosity  being  lower  than  all  three  manufacturers  minimum 
recommended. 

17.  Three  pumps  from  Manufacturer  M2  and  two  pumps  from  Manufacturer  M3  had  higher 
efficiencies  at  180°F  than  at  120°F.  The  greatest  increase  was  5.6  percent 
and  the  smallest  increase  was  u.5  percent.  The  tabulated  data  showed  a 
decrease  in  torque  at  180°F  as  compared  to  the  values  at  120°F.  This  condition 
could  explain  the  higher  efficiencies. 

18.  All  of  manufacturer  M2's  pumps  had  a  greater  calculated  displacement  than 

was  published  in  the  catalog  by  the  manufacturer.  Apparently  this  manufacture- 
uses  a  worst  case  situation  to  rate  their  pumps. 

19.  The  graphs  of  outlet  flow  verses  differential  pressure  are  linear  functions 
for  all  of  the  pumps  at  both  temperatures .  For  all  of  the  pumps,  the  si  cue 
of  the  outlet  flow  differential  pressure  characteristics  is  the  same  for  the 
different  speeds. 

20.  Overall  efficiency  varies  considerably  at  different  temperatures,  speeds 

and  pressures  for  all  pumps  tested.  At  lower  speeds  and  higher  pressures  the 
efficiency  was  lower  than  at  higher  speeds  and  medium  pressures. 
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21.  For  most  of  the  Ml  pumps  the  highest  efficiency  at  both  inlet  temperatures 
and  all  input  speeds  occurred  at  1200  psi .  The  efficiency  was  approximately 
the  same  at  all  input  speeds  and  both  inlet  temperatures  when  the  pressure 
was  600  psi. 

22.  For  most  of  the  M2  pumps  the  highest  efficiency  at  both  inlet  temperatures 
and  all  input  speeds  also  occurred  at  1200  psi.  The  efficiency  was  also 
approximately  the  same  at  all  input  speeds  and  both  inlet  temperatures  when 
the  pressure  was  600  psi. 

23.  For  the  M3  pumps  the  highest  efficiency  was  recorded  at  various  pressures 
for  both  inlet  temperatures.  No  trends  could  be  observed.  However,  the 
efficiency  was  approximately  the  same  at  all  input  speeds  and  both  inlet 
temperatures  when  the  pressure  was  500  psi  for  most  of  the  pumps. 

24.  Manufacturer  M3  pumps  experienced  a  metal ic  rattling  noise  at  lower  speeds 
during  the  power  conversion  test.  However,  this  condition  did  not  effect 
the  performance  characteristics  of  the  pumps.  The  manufacturer  was  contacted 
and  their  conclusion  was  that  there  was  low  oil  viscosity,  high  inlet  vacuum 
or  air  in  the  oil.  However,  none  of  these  conditions  were  present.  The 
other  manufacturers  pumps  ran  quietly  on  the  same  test  setup. 


12. 

* 


BREAK-IN  AND  PERFORMANCE  TEST  RECOMMENDATIONS 


1.  More  break-in  testing  should  be  conducted  to  determine  if  the  three  hour 

run  should  be  deleted  or  lengthened.  Sixteen  of  the  twenty-one  pumps  experience! 
irreversible  flow  degradation  while  the  other  five  experienced  increased 
flow.  Apparently  the  three  hour  run  has  a  detrimental  effect  on  most  of  the 
pumps  and  therefore  it  should  be  deleted.  Or,  it  should  be  shortened  or 
lengthened  until  the  pump  experiences  a  certain  percent  increase  or  decrease 
in  flowrate. 

2.  Conduct  the  three  hour  break-in  test  at  a  higher  inlet  temperature  of 
160  to  170°E  rather  than  120°F  to  determine  the  effects  on  overall 
efficiency. 

3.  Break-in  more  pumps  on  contaminated  oil  to  determine  the  statistical  analysis 
of  the  effects. 

4.  When  using  10W  oil  for  the  power  conversion  tests,  the  180°F  inlet  temperature 
should  be  lowered  so  that  the  pumps  are  tested  with  viscosity  in  the  range 
recommended  by  the  manufacturer. 

5.  Contact  the  manufacturers  especially  M2,  to  determine  how  they  establish  their 
volumetric  displacement  ratings. 

6.  Because  the  overall  efficiency  varies  considerably  with  speed  and  pressure, 
manufacturers  should  be  requested  to  present  efficiency  values  at  various 
operating  conditions. 
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BRIEF  ACCELERATED  LIFE  AND  ENDURANCE  TEST  PROCEDURES 


Fifteen  vane  pumps,  six  pumps  from  Manufacturer  Ml,  six  pumps  from  Manufacturer  M2, 
and  three  pumps  from  Manufacturer  M3  were  tested  in  five  lots  of  3  each.  All 
manufacturers  pumps  which  were  tested  are  similar  in  key  parameters  with  the 
exception  of  M3.  The  three  pumps  in  each  lot  were  all  tested  simul taneously  on 
the  same  test  rig  and  connected  to  a  common  reservoir.  The  tests  consisted 
of  cyclic  endurance  running  at  the  same  contamination  level  and  the  same  cycle 
rate  in  accordance  with  Appendix  K.  The  pressure  cycle  rate  for  the  Accelerated 
Life  Test  and  the  1000  Hour  Endurance  Test  were  the  same,  1  cycle/per  second. 

The  contamination  level  was  held  to  less  than  100  particle  per  millilitre  at 
10  urn  for  both  the  Accelerated  Life  Test  and  the  1000  Hour  Endurance  Test. 

For  purposes  of  the  test,  all  pumps  were  assumed  to  have  identical  ratings  of 
3000  psi,  2700  rpm  and  approximately  3  in’/rev.  displacement.  It  should  be  noted 
that  with  the  above  assumptions.  Manufacturer  M3's  pump  differed  in  only  one 
parameter  which  was  speed.  The  rating  was  1800  rpm.  All  three  manufacturers 
required  a  minimum  of  60  SSU  oil  viscosity  at  the  pump  inlet.  Both  the  Accelerated 
Life  Test  and  the  1000  Hour  Endurance  TEst  specified  SAE  10U  motor  oil  which  was 
60  SSU  at  170°F.  The  viscosity  chart  is  included  in  this  section  of  the  report 
for  verfication  of  the  above  statement. 

Therefore,  the  inlet  temperature  was  held  at  170°F  +  5°F  throughout  both  the 
Accelerated  Life  and  1000  Hour  Endurance  Test.  Throughout  the  duration  of  the 
test,  the  parameters  listed  in  Appendix  K  were  monitored  at  one  hour  intervals. 

The  detailed  test  procedures  and  circuit  schematics  are  in  Appendiceis  K  and  M 
respectively. 

Prior  to  the  Accelerated  Life  and  Endurance  TEsts,  a  power  conversion  test  was 
conducted  at  120°F  and  180°F  on  the  eighteen  pumps  that  were  broken  in  with 
clean  oil.  Power  conversion  tests  were  also  run  on  the  3  pumps  broken  in  with 
dirty  oil.  On  one  test  specimen  from  Manufacturer  M3,  subsequent  calculations 
revealed  that  the  measured  data  was  seriously  in  error  and  the  test  could  not  be 
rerun.  Consequently;  there  are  valid  power  conversion  results  from  only  twenty 
of  the  twenty-one  test  specimens.  Two,  of  the  eighteen  pumps,  from  Manufacturer  M3 
broken  in  on  clean  oil  were  sent  to,  Commander  USA  MERADC0M  at  Fort  Belvoir,  VA 
USA,  for  further  testing. 
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DURABILITY  AND  ENDURANCE  TEST  OBSERVATIONS  AND  CONCLUSIONS 


1.  All  of  the  Ml  pumps  tested  showed  substantial  decreases  in  flow  during 
both  life  tests.  The  decreases  ranged  from  2.3  to  26.7  percent. 

2.  Manufacturer  Ml  had  two  catastrophic  failures,  one  on  the  Accelerated  Life 
Test  and  one  on  the  1000  Hour  Test.  Both  failures  were  the  same  and  were 
due  to  fatigue  of  the  port  plates  which  caused  increased  leakage.  The  pumps 
were  removed  from  the  test  when  the  flow  decreased  24.5  to  26.7  percent 
respecti vely . 

3.  All  of  the  M2  pumps  tested  showed  consistent  increase  in  flow  during  both 
life  tests.  The  increases  ranged  from  5.1  to  9.5  percent  on  the  Accelerated 
Life  Tests  and  12.6  to  21  percent  on  the  1000  Hour  Test.  The  longer  the  pump 
runs  the  higher  the  flowrate  under  these  conditions. 

4.  Two  of  the  M3  pumps  tested  on  the  Accelerated  Life  Test  had  minor  decreases 
in  flow  at  the  end  of  the  test.  The  decrease  ranged  from  1.2  to  2  percent. 

The  other  M3  pump  had  a  3.4  percent  increase  in  flow  at  the  end  of  the  test. 

5.  When  the  Ml  pumps  were  disassembled  and  inspected  it  was  found  that  the 

side  plates  experienced  moderate  to  extensive  scoring.  This  condition  caused 
the  flowrate  to  decrease  in  all  pumps.  The  shaft  end  ball  bearings  were 
pitted  and  the  bronze  sleeve  bearings  experienced  some  wear.  The  two  pumps 
that  catastrophicaly  failed  had  severe  side  plate  scoring,  bearing  wear, 
ridges  in  the  cam  ring,  vane  wear,  and  rotor  scoring.  The  pump  that  failed 
on  the  1000  Hour  Test  had  numerous  surface  cracks  and  one  through  crack 
in  the  cam  ring. 

6.  When  the  M2  pumps  were  disassembled  and  inspected  it  was  found  that  the 

side  plates  experienced  minor  scoring.  The  shaft  end  ball  bearings  had  pitting 
and  the  bronze  sleeve  bearings  experienced  some  wear.  The  only  difference 
in  wear  between  the  pumps  on  the  Accelerated  LIf  Test  and  the  1000  Hour  Test 
was  bearing  wear.  The  bearings  from  the  1000  Hour  Test  pumps  were  scored  and 
pitted  more  severely  than  the  ones  from  the  Accelerated  Life  Test. 

7.  When  the  M3  pumps  were  disassembled  and  inspected  it  was  found  that  minor 
scoring  occurred  on  the  side  plates.  No  wear  was  observed  on  the  bearings. 

8.  In  comparison  of  manufacturers.  Ml  pumps  experienced  the  highest  wear  on  the 
life  Tests  and  M3  pumps  the  lowest  wear. 
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DURABILITY  AND  ENDURANCE  TEST  RECOMMENDATIONS 


1.  More  testing  should  be  conducted  using  Manufacturer  Ml's  pumps  so  Unit 
correlations  can  be  made  between  failures  on  the  Accelerated  and  Iuoj  how 
Life  Tests. 

2.  More  of  Manufacturer  Ml's  pumps  should  be  run  on  the  100U  Hour  Test  „  i  tr. 
clean  oil  to  increase  the  reliability  of  the  data  because  only  one  pumu  was 
run  which  failied  at  283  hours. 

3.  Testing  should  be  conducted  using  Manufacturer  Ml's  pumps  with  con  lamina  ted 
oil  to  determine  if  the  mode  of  failure  changes. 

4.  Testing  should  be  conducted  suing  Manufacturer  M2's  pumps  with  contai., . r,a • ..  c 
oil  to  determine  if  failures  will  occur  and  what  the  mode  of  failure  is. 
Also  if  the  mode  of  failure  would  be  the  same  between  the  Accelerated  Lift 
and  1 1)00  Hour  Tests. 

5.  More  of  Manufacturer  M3‘s  pumps  should  be  run  on  Accelerated  Life  Tests 
because  two  pumps  experienced  slight  decreases  in  flowrate  while  one  pump 
experienced  a  moderate  increase  flow. 

6.  Manufacturer  M3's  pumps  should  br  run  on  the  1000  Hour  Test  to  determine  'f 
failure  occurs  and  compare  results  to  the  Accelerated  Life  Tests. 

7.  Testing  should  be  conducted  using  Manufacturer  M3's  pumps  on  contaminated 
oil  for  both  the  Accelerated  Life  and  1000  Hour  Tests  to  determine  failure 
modes  if  any  and  correlations  between  them. 
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THERMAL  STABILITY  INTRODUCTION  AND  DEFINITION 


In  certain  types  of  mobile  equipment  where  hydraulic  pumps  are  driven  by  internal 
combustion  engines  which  run  at  various  speeds,  conditions  may  exist  where  the 
operation  is  required  to  move  the  load  while  the  engine  is  idling.  In  some 
instances  the  combination  of  low  pump  speed  and  high  outlet  pressure  cause  the 
pump  to  overheat  and  possibly  even  burn-up. 

An  idea  evolved  to  determine  if  a  universal  test  procedure  could  be  developed 
to  predict  if  the  pump  could  operate  effectively  under  low  speed  high  pressure 
conditions. 

Thermal  stability  can  be  defined  as  a  point  where  the  combination  of  high  outlet 
pressure  and  slow  rotational  speed  of  the  pump  causes  the  outlet  temperature  to 
run  away  burning  up  the  pump  in  a  matter  of  minutes  while  the  inlet  temperature 
is  held  constant.  In  other  words,  what  is  the  minimum  rotational  speed  of  the 
pump  at  a  certain  outlet  pressure  that  produces  enough  flow  through  the  pump 
to  prevent  it  from  overheating  and  burning  up. 

A  survey  was  developed  and  sent  out  to  forty  U.S.  manufacturers  of  hydraulic 
pumps  to  determine  if  they  had  similar  problems  with  their  pumps  and  if  they  had 
any  procedures  to  test  for  thermal  stability. 
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THERMAL  STABILITY  SURVEY  SUMMARY 


The  January  1 98 i  Hydraulics  and  Pneumatics  Designers  Guide  for  Fluid  Power 
was  used  to  determine  which  companies  would  be  surveyed.  Surveys  were  serf 
to  any  company  which  manufactured  either  one  or  more  of  the  following  type’,  o 
pumps:  internal  arid  external  gear,  vane,  piston  both  fixed  and  variable 

displacements.  Of  the  74  companies  originally  surveyed  only  40  of  then  actual':/ 
manufactured  and  tested  their  own  pumps.  The  remaining  companies  manufa r  cured 
specialty  pumps  for  applications  outside  fluid  power  or  they  bought  pun os  Vcm 
other  companies  and  put  their  own  name  on  them. 

Of  the  4i>  surveys  mailed,  34  of  them  were  returned  which  is  85;.  Three  :  V  ■ 

34  returns  described  thermal  stability  test  procedures  which  is  8.8  . 

One  respondent  said  they  have  a  thermal  stability  test  procedure  and  they 
it  when  necessary  at  180  and  225°F.  However,  he  did  not  indicate  what  the 
procedure  was  and  under  what  circumstances  it  is  performed.  He  also  meet ;  el 
that  thermal  stability  is  usually  not  a  problem  on  externally  drained  pumps. 

He  comment  ted  further  stating  that  piston  pumps  and  gear  pumps  with  e/tcTio  1 
drains  and  anti-friction  bearings  have  no  minimum  speed  except  that  which  is 
required  to  produce  the  required  pressure  and  flow  usually  50-6u  rpm  for  piston 
pumps  at  50UU  psi  and  3uo  rpm  for  gear  pumps  at  3000  psi. 

Another  respondent  said  their  procedure  is  performed  at  1 2u ,  18u  and  325  F 
in  the  following  manner.  First  determine  the  pump's  output  flow  at  the  desired 
speed  in  question,  120°F  and  100  psi.  Then  determine  pump's  output  flow  at 
same  speed  used  previously  at  temperature  and  outlet  pressure  in  question. 
Calculate  the  volumetric  efficiency  by  using  the  ratio  of  the  two  flowrates.  If 
the  volumetric  efficiency  is  less  than  35%  the  pump  is  considered  thermally 
■  unstable. 

'  The  other  respondent  said  their  procedure  is  performed  up  to  220oF  but  did  cot 

I  indicate  any  other  incremental  temperatures.  It  is  conducted  as  follows,  run 

:  pump  at  600  rpm  hold  inlet  temperature  constant,  load  pump  to  specific  m  esswre 

under  continuous  load  and  monitor  temperature  rise  and  flowrate  to  determine 
temperature  stabilization  point  or  until  loss  of  control  occurs. 

The  remaining  questions  were  answered  as  follows.  One  hundred  percent  of  the 
respondents  said  their  procedure  was  based  on  developmental  and  labora tory 
studies  and  that  it  evolved  over  time  and  experience  with  the  product.  Hon- 
•  the  procedures  were  arbitrarily  arrived  at  and  none  were  run  at  one  tempera  to  . 

,  Sixty-seven  percent  said  they  use  the  same  procedure  for  different  types  of 

Fifty  percent  of  the  responses  indicated  that  a  universal  thermal  stability  test 
i  procedure  would  benefit  their  company.  Fifty  percent  also  indicated  that  they 

would  use  the  universal  procedure  to  qualify  their  company's  pumps. 


MATHEMATICAL  ENERGY  BALANCE  OF  A  HYDRAULIC  PUMP 


Symbols  and  Definitions: 


W.  -  input  energy  into  pump  BTU's/min 

1  .  „„  BTU's/min 

W.  =  Hp  in  x  42.44  — — - - 


WQ  -  output  energy  of  pump  BTU's/min 


Wn  =  Hp  out  x  42.44  gTU^/ni-  +  8.34  (Qq)  (Sg)  (C)  (Trf) 


where  Q  outlet  flow  gpm  T.  =  Temperature  difference  across 

0  the  pump  °F  (T  -  T . ) 

Sg  specific  gravity  of  the  oil  01 

C  specific  heat  of  the  oil  yj^op 

8.34  is  a  constant  to  convert  gallons  to  pounds 


W  -  energy  lost  to  surrounding  environment  BTU's/min 
d 


“a  =  UA  <Ta  -  V 

Btu  1  s 

where  U  =  overall  heat  transfer  coefficient  y£  2Cp 


JX- 


U  for  cast  iron  =  1.78  from  Hydraulic  Power  by  Walter  Lr 
A  -  surface  area  of  pump  ’  */ 

T  --  average  of  pump  inlet  and  outlet  oil  temperatures  F 

d 

T  -  temperature  of  surroundi no  environment  °F 

t* 


W 

r 


er.-ruy  converted  to  heat  because  of  pump  inefficiencies  BTU's/ii 

w  --  w.  -  w  -  w 

r  i  o  a 


is  made  up  of  two  components 

1.  Mechanical  friction 

2.  Leakage 


111  =  w,  +  w. 

r  f  1 

where  =  heat  energy  of  mechanical  friction  BTU's/min 
W |  -  heat  energy  of  leakage  BTU's/min 
W-j  =  (8.34)  Q]  (Sg)  (C)  (Td) 


where  =  leakage  flow  in  GPM 

Sr  =  specific  gravity  of  the  oil 

T 

C  =  specific  heat  of  the  oil  in  BTU's/)6°F 

r  _  .5  BTUs  for  Mobil  Del  vac  1210 

L  '  TVF 

Td  7-  Temperature  differential  across  the  pump  F  (T  -  T. 

8.34  is  a  constant  to  convert  gal /min  into  pounds/min 
energy  balance 


W. 

l 


U 


r 
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THERMAL  STABILITY  TEST  PROCEDURE 


1.  Install  the  pump  in  a  test  circuit  where  the  following  parameters  can  be 
measured. 

a)  inlet  and  outlet  temperature 

b)  inlet  and  outlet  pressure 

c)  input  speed  and  torque 

d)  outlet  flowrate 

The  temperature  measuring  devices  must  be  installed  as  close  as  possible  to 
the  pump  housing  for  accurate  temperature  measurement.  The  outlet  temperature 
probe  location  is  most  critical.  It  is  best  to  install  it  inside  the  housing 
to  measure  the  temperature  inside  the  pump.  If  the  outlet  temperature  probe 
is  installed  in  the  plumbing  it  will  not  record  the  actual  pump  temperature 
when  the  flow  drops  down  at  the  low  speeds.  Testing  has  shown  a  substantial 
difference  in  outlet  temperature  between  a  probe  mounted  in  the  plumbing 
and  one  mounted  in  the  housing  when  the  pump  starts  running  into  thermal 
instability.  The  probe  in  the  plumbing  indicates  a  lower  temperature  than 
the  one  in  the  housing. 

2.  The  test  was  conducted  at  two  inlet  oil  temperatures,  120  and  180°F. 

3.  The  pump  was  run  at  rated  pressure.  This  would  be  the  severest  condition  in 
the  field  and  it  would  yield  a  higher  minimum  speed. 

4.  With  the  pump  running  at  1000  rpm  and  rated  pressure,  record  the  parameters 
listed  in  (1 )  above. 

5.  Decrease  the  speed  in  100  rpm  increments  recording  the  parameters  previously 
mentioned  at  each  speed  increment. 

6.  Discontinue  testing  when  400  rpm  is  reached  or  when  the  outlet  temperature 
becomes  unstable.  Four  hundred  rpm  was  picked  as  a  minimum  because  most 
engine  idle  speeds  are  well  above  this  value.  The  outlet  temperature  is 
considered  unstable  at  a  given  test  point  when  it  does  not  remain  constant 
for  three  consecutive  readings  taken  at  twenty  second  intervals. 

7.  At  each  data  point  calculate  input  and  output  horsepower,  leakage  flow 
volumetric  efficiency  and  temperature  differential  across  the  pump. 

\ 

It  must  be  noted  that  this  may  be  a  destructive  test  that  will  cause  irreversible 
i  damage  to  the  pump.  Outlet  temperatures  can  be  in  excess  of  350°F.  Some  of  the 

pumps  tested  showed  signs  of  permanent  damage  after  being  subjected  to  this 
procedure  and  some  pumps  showed  no  signs  of  permanent  damage. 

The  above  procedure  was  used  to  test  six  pumps  for  thermal  stability.  Three 
were  vane  pumps  broken  in  on  dirty  oil  from  this  contract  M1350,  M2359  and 
M3362.  The  other  three  were  gear  pumps  broken  in  on  dirty  oil  from  contract 
DAAK70-77-C-0214.  Data  is  included  for  five  of  the  pumps-  The  data  from  the 


A 


* 


sixth  pump  M135o  vane  pump  was  omitted  because  the  pump  burnt  up  so  fas* 
data  could  not  be  recorded.  The  pump  was  completely  destroyed. 

Graphs  of  volumetric  efficiency  verses  speed  and  volumetric  efficiency  v* 
differential  temperature  were  plotted  to  determine  what  relationships  e-i 
any.  Energy  balance  calculations  will  be  done  for  the  final  report  to  ve 
the  mathematical  model  if  time  and  funding  are  adequate. 


DATA  TABLES  FOR  THERMAL  STABILITY  TEST 


It  should  be  noted  that  the  differential  temperature  is  the  difference 
in  temperature  between  the  inlet  port  and  the  outlet  port  of  the  pump. 
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INSTRUMENTATION 


Inlet  Temperature  120° 


Speed 

Diff. 

.  ■■■ 

Diff. 

Outlet 

— 

Leakaqe 

Vol . 

HP 

HP 

in 

Temp. 

Press.. 

Flow 

Flow 

Eff. 

In 

Out 

PPM 

°F 

PSin 

(iPM 

GPM 

% 

911 

ILL  5 

1 

2495 

8.87 

3.16 

74% 

18.44 

12.91 

792 

13.7 

2506 

6.58 

3.88 

63% 

15.78 

9.62 

701 

18.8 

2459 

5.12 

4.14 

55% 

14.19 

7.35 

598 

26.8 

2561 

3.45 

4.45 

44% 

12.13 

5.16 

533 

40.4 

2525 

2.37 

4.67 

34% 

10.55 

3.5 

Inle 

Tempera 

;ure  180° 

902 

16.7 

2521 

6.72 

5.19 

56% 

18.25 

9.9 

.810  . 

22.5 

2525 

4.71 

5.98 

44% 

16.34 

6.9 

702 

32.8 

2493 

2.81 

6.46 

30% 

14.21 

4.1 

595 

62.7 

2506 

1.24 

6.63 

16% 

12.26 

1.8 

505 

137.4 

2360 

.4 

6.27 

6% 

10.54 

.55 
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THERMAL  STABILITY  TEST  OBSERVATIONS  AND  CONCLUSIONS 


1.  The  three  gear  pumps  and  one  of  the  vane  pumps  have  a  somewhat  linear 
relationship  between  volumetric  efficiency  and  speed.  As  speed  increases 
so  does  volumetric  efficiency. 

2.  The  slope  of  the  curve  described  in  observation  number  one  is  the  same  at 
180  and  120°F  inlet  temperatures  for  each  of  the  given  pumps.  However  the 
pumps  as  a  whole  do  not  exhibit  the  same  slope. 

3.  For  all  pumps,  the  volumetric  efficiency  is  lower  at  180°F  than  120°F  inlet 
temperature  at  the  same  speed. 

4.  For  all  pumps  tested,  there  is  a  somewhat  linear  relationship  between  volumetric 
efficiency  and  differential  temperature,  until  such  a  point  where  the 
temperature  begins  to  rapidly  increase  with  little  or  no  decrease  in  volumetric 
efficiency.  The  curve  approaches  the  horizontal  axis. 

5.  In  the  linear  region  of  the  volumetric  efficiency  verses  differential  temper¬ 
ature  graphs,  the  same  volumetric  efficiency  gives  the  same  temperature 
differential  at  both  inlet  temperatures  for  each  pump.  This  indicates  that 
thermal  stability  is  more  dependent  on  volumetric  efficiency  rather  than 
inlet  temperature.  However,  the  inlet  temperature  also  effects  the  volumetric 
efficiency  as  previously  stated. 

6.  For  all  of  the  pumps  tested,  the  same  volumetric  efficiency  did  not  yield 

the  same  temperature  differential.  Example  at  40  percent  volumetric  efficiency 
the  temperature  differential  ranged  from  25  to  41 °F  with  32°F  being  the  average 
value.  This  disparity  increased  at  the  lower  volumetric  efficiencies  where  the 
pumps  were  operating  thermal  ly  unstable. 

7.  The  non- 1 ineari ty  in  the  volumetric  efficiency  verses  temperature  differential 
graphs  seems  to  start  between  the  30  to  40  percent  volumetric  efficiency  level. 
This  was  the  case  in  four  of  the  five  pumps  tested. 

8.  It  appears  that  the  pump  can  be  considered  thermally  stable  if  the  volumetric 
efficiency  is  greater  than  35  to  40  percent. 

9.  It  is  the  opinion  of  the  wri ter  that  if  the  energy  balance  was  conducted  on 
these  five  pumps  thermal  stability  could  be  predicted  by  the  difference  of 

the  output  energy  minus  the  energy  lost  inside  the  pump  because  of  inefficiency 
If  the  output  energy  is  greater  than  the  internal  losses,  the  pump  would  be 
thermally  stable.  If  the  output  energy  is  less  than  the  internal  losses,  the 
pump  would  be  unstable  and  burn  itself  up. 

10.  Even  though  the  differential  pressure  is  fairly  constant,  the  leakage  rate 
is  changing  at  the  different  speeds  for  each  pump.  At  the  lower  speeds  the 
leakage  is  greater.  The  temperature  differential  is  also  greater  at  the 
lower  speeds.  The  temperature  probably  effects  leakage  more  than  does  the 
the  speed,  especially  when  the  temperature  is  in  excess  of  25<">°F,  the  viscosity 
is  very  low. 


It  is  the  writer's  opinion  that  the  pump  is  thermally  unstable  when  the 
differential  temperature  is  greater  than  50°F.  This  condition  occurred 
in  four  of  the  five  pumps  tested  under  the  following  conditions: 

Speed  range:  688  496  rpm  with  580  rpm  as  an  average. 

Volumetric  efficiency  range:  29  to  16%  with  21%  as  an  average. 
Differential  temperature  range:  49.6  to  91.4°F  with  67.5°F  as  an  average. 

The  thermal  instability  occurred  at  a  speed  apprxoimately  equivalent  to 
that  of  idle  on  internal  combustion  engines. 


THERMAL  STABILITY  TEST  RECOMMENDATIONS 


1.  Because  of  disparities  in  the  data  more  testing  is  required  on  different 
types  of  pumps  i.e.  gear,  vane,  piston,  also  on  pumps  made  of  different 
materials.  This  will  give  a  better  statistical  analysis  of  the  test  data 
and  help  in  determining  correlations  between  test  parameters. 

2.  Testing  should  be  conducted  at  other  inlet  temperatures  to  determine  if  the 
volumetric  efficiency  verses  differential  temperature  characteristics  are 
constant  between  different  pumps. 

3.  Testing  should  be  conducted  to  determine  if  speed  or  temperature  differential 
have  the  greatest  effects  on  leakage. 

4.  Determine  the  energy  balance  characteristics  to  see  if  any  correlations  can 

be  made  between  energy  balance,  volumetric  efficiency,  differential  temperature 
and  thermal  stability. 

5.  Distribute  the  test  procedure  to  the  U.S.  Fluid  Power  Industry  to  get  their 
reactions  and  inputs. 


APPENDIX  A 

ORIGINAL  BREAK-IN  PROCEDURE  SURVEY 
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Mr.  Tom  Kendall 
Chief  Engineer 
Abex  Denison  Div. 

1220  Dublin  Rd . 

Columbus,  OH  43216 

Dear  Mr .  Kendal  1 : 

The  Milwaukee  School  of  Engineering  has  been  contracted  by  the  US  Army 
MERADCOM  to  investigate  the  degree  to  which  pump  overall  efficiency 
migrates  during  the  first  few  hours  of  a  pump's  life.  Ultimately,  we 
will  be  attempting  to  establish  a  criterion  which  will  confirm  that  a 
pump  has  been  satisfactorily  broken  in.  As  it  stands  now,  the  US  Army 
has  found  that  pumps  can  fail  their  qualification  tests  for  overall 
efficiency  when  the  efficiency  tests  are  conducted  prematurely.  A 
criterion  for  satisfactory  break-in  would  eliminate  that  problem.  But 
before  we  reach  that  point,  we  would  like  to  know  more  about  your 
break-in  procedures  on  vane  pumps.  That's  the  reason  for  the  enclosed 
survey. 

Realizing  that  some  of  the  information  may  be  proprietary,  I  want  to 
give  you  my  personal  assurances  that  the  specific  results  of  your 
response  will  be  held  in  the  strictest  of  confidence.  The  Army  has 
requested  and  will  receive  only  a  statistical  summary  of  the  individual 
returns . 

If  you  would  take  a  few  minutes  to  complete  the  enclosed  survey 
questionnaire  regarding  your  break-in  procedures  of  hydraulic  vane 
pumps,  we  will  send  you  a  copy  of  the  summary  and  the  proposed  vane  pump 
break-in  procedure  that  was  developed  from  the  survey  responses.  Please 
return  your  response  before  February  23,  1981. 

Your  help  is  greatly  appreciated. 

Sincerel y , 


Thomas  S.  Wanke 

DIRECTOR,  FLUID  POWER  INSTITUTE 
TSW : wp 


y; 


Ends  . 


BACKGROUND  INFORMATION  ON  BREAK-IN  AND  OVERALL  EFFICIENCY 
Observations  by  the  Army 

Recent  QPI,  tests  on  i or* -  c i a  1 ly  available  pumps  have  uncovered 
disturbing  resu I t : 

The  initial  overall  efficiency  of  sample  pumps  varied  from 
a  value  below  the  minimum  acceptable  level  to  a  value  above 
the  minimum  acceptable  level  when  tested  by  a  single  test 
agency  and  wherein  the  only  known  variable  was  the  time  at 
which  th  •  tests  were  conducted. 

Benefis  ol  tne  Program 

The  M  .  S  .  0 .  f. .  Fluid  Power  Institute  has  contracted  with  the  Army  to 
research  this  finding  in  greater  detail  and  provide  insight  into  their 
basis.  Some  ol  the  benefits  of  this  program  are: 

a.  To  provide  an  evaluation  of  the  degree  to  which  overall  pump 
elficiency  migrates  during  the  first  few  hours  of  a  pump's 
life. 

B.  To  provide  an  evaluation  of  the  degree  to  which  contamination 
affects  the  break-in  rate. 

C.  To  gain  a  knowledge  of  the  expected  spread  in  efficiencies 
among  a  sample  lot  of  commercial  pumps  within  one  manufacturer' 
samp  1 e . 

D.  To  determine  what  length  of  operation.il  time  must  pass  in 
order  for  the  overall  efficiency  to  cease  its  migration, 
if  indeed  it  does  cease. 

E.  Provide  data  for  updating  and  validating  NFPA/T3 . 9 . 1 7 . 

Summary  (These  are  the  writer's  conclusions  based  upon  discussions 
with  the  Army  and  are  not  necessarily  US  Army  official  policy) 

According  to  representatives  of  the  US  Army  Mobility  Equipment  Research 
and  Development  Command  (MERADCOM),  they  are  expending  considerable 
resources  to  convert  from  purely  military  procurement  specifications  to 
a  combination  of  Military  Spec i f i ca t ions  and  Commercial  Industrial 
Standards.  This  new  approach  to  product  qualification  would  have  the 
Military  Specifications  carry  the  criteria  for  acceptance  while  the 
industrial  standard  would  carry  the  test  procedure .  This  writer  can 
envision  that  a  clause  in  a  future  Military  Speci f i cation  may  read  as 
follows : 

"Minimum  overall  efficiency  is  80%  when  pump  is  tested  in  accordance 
with  NFPA  n  .  <J  .  17” 


The  Army's  motivation  is  to  encourage  more  vendors  to  seek  qua  I i f i i a t i on 
through  utilization  of  industrial  standards. 


VANE  PUMP  BREAK-IN  PROCEDURE  SURVEY 
MSOE  FLUID  POWER  INSTITUTE 

*  Complete  and  return  by  23  Feb.,  1981  * 

Instructions: 

Please  circle  the  appropriate  response  to  the  following  questions  and/or 

fill  in  the  required  information.  Additional  data  is  requested  in  the  attached 

chart. 

1.0  Break-In  Procedure  General 

1.1  Do  you  have  a  criterion  for  determining  the  point  at  shich  a  pump 
is  sati sfactori ly  broken  in? 

YES  NO 

1.2  Is  your  procedure  based  on  developmental  or  laboratory  studies? 

Developmental  YES  NO 

Laboratory  YES  NO 

1.3  Has  your  procedure  evolved  over  time  and  experience  with  product? 

YES  NO 

1.4  Was  your  procedure  arbitrarily  arrived  at? 

YES  NO 

1.5  Are  identical  procedures  used  in  production  prior  to  product 
shipment  and  in  the  service  department? 

YES  NO 

1.6  Do  your  engineering  department  recommendations  or  laboratory  test 
procedures  differ  from  1.5  above? 

YES  NO 

2.0  Break-In  Procedure  Specifications 

2.1  Do  you  conduct  your  pump  break-in  at: 

Constant  Pressure  YES  NO 

Constant  Speed  YES  NO 

Constant  Torque  YES  NO 

2.2  Do  you  have  contamination  sensitivity  test  rsults  on  your  pumps? 

YES  NO 

2.3  Do  you  have  different  break-in  procedures  for  different  Vane  pump 
design  features  such  as  bearing  types,  bearing  mounts,  shaft  seal 
types,  and  pressure  loaded  wear  plates? 

YES  NO 

If  yes,  how  many  different  break-in  procedures  do  you  use? 


VANE  PUMP  BREAK-IN  PROCEDURE 


2.4  (Fill  out  each  different  break-in  procedure  you  recommend  to 
prepare  a  sample  Vane  pump  for  one-time  qualification  test.) 

Product  Description:  _ 

Special  Fluid:  _ 

Contamination  Level  Limits:  _ 


Additives  (Lubricity): 
Additives  (Abrasion): 
Water  Content  Limit: 


Procedure  (Describe  each  different  Vane  pump  break-in  procedure 
you  use  and  state  the  important  design  features  which 
set  this  one  apart  from  the  others  -  Be  sure  to  include 
information  regarding  range  of  variable  conditions,  ie. 
speed,  pressure,  torque,  on  and  off  time,  and  total 
elapsed  time  of  procedure.  Use  extra  pages  if  needed.) 


VANE  PUMP  BREAK-IN  PROCEDURE  SURVEY 


3.0  Are  you  willing  to  submit  to  MSOE  an  oil  sample  from  your  break-in 
test  stand  for  contamination  particle  counting  and  water  content 
in  exchange  for  the  fluid  analysis  resutls  at  no  charge  to  you? 

YES  NO 

(If  you  check  yes,  we  will  send  you  a  clean  bottle.) 


4.0  The  research  program  consists  primarily  of  testing  the  overall 

efficiency  of  21  hydraulic  Vane  pumps  during  the  first  few  hours  of 
the  pump's  lives,  that  is,  during  the  break-in  period.  A  uniform 
break-in  procedure  will  be  divised  based  upon  the  results  of  this 
survey.  Later,  selected  manufacturers 1  Vane  pumps  will  be  purchased 
for  the  test  program. 


5.0  Vane  Pump  Design  Features 
Needle  Bearings 
Roller  Bearings 
Hydrodynamic  Plain  Bearings 
T.F.E.  Plain  Bearings  Steel  Backed 
T.F.E.  Plain  Bearings  Filament  Wound 
Resilient  Shaft  Seal 
Press  Fit  Bearing  Mount 
Self  Aligning  Bearing  Mount 


Pressure  Loaded  Wear  Plates 


6.0  Do  you  currently  manufacture? 


6.1  Fixed  displacement  vane  pumps 

YES  NO 

6.2  Variable  displacement  vane  pumps 

YES  NO 

7.0  Do  you  currently  manufacture  a  fixed  displacement  vane  pump  in 
accordance  with  the  following: 

7.1  3  in3/rev  displacement: 

YES  NO 

7.2  2500  -  3000  psi  continuous  pressure: 

YES  NO 

7.3  2500  -  3000  rpm  continuous  speed: 

YES  NO 

8.0  If  you  answered  no  to  any  questions  in  section  7,  what  are  your  ratings 

8.1  Displacement  _ _ 

8.2  Pressure  rating  _ _ 

8.3  Speed  rating  _ _ 
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Thank  you  for  your  interest  in  our  project  and  any  recommendations  or 
guidance  your  experts  make  regarding  this  inquiry.  Additional  comment, 
may  be  attached  if  desired. 

A  statistical  summary  of  the  survey  and  the  proposed  universal 
break-in  test  procedure  will  be  distributed  to  the  respondents. 

The  confidentiality  of  the  individual  companies  will  be  maintained. 

If  any  questions  should  arise,  please  contact  us. 
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(This  Foreword  is  not  part  ol  American  Nalmr  unlaid  Method  of 
Testing  and  Presenting  Basie  Performance  IJ.i'.  i  (or  Positive  Displace¬ 
ment  Hydraulic  Fluid  Power  Pumps  and  Motors,  'XN.Sl/BIKt.  27-1973.  ) 

In  1964,  producers  and  users  of  hydraulic  llui  l  power  pumps  rind  motors 
expressed  the  need  for  more  meaningful,  consistent  and  accurate  means 
for  determining  and  expressing  component  performam  e  capabilities.  The 
only  existing  standards  were  limited  in  scope  to  components  used  only  on 
mobile  equipment.  Upon  request  to  the  NFPA  Technical  Board,  projects 
were  authorized  and  assigned  to  the  NFPA  Pump  and  Motor  Section. 

At  the  outset,  work  was  divided  into  two  parts:1  "Methods  of  Test"  and 
"Methods  of  Rating".  Drafting  of  the  interrelated  doc  uments  progressed 
at  a  somewhat  parallel  pace.  Drafting  was  completed  in  late  1967.  The 
separate  documents  were  simultaneously  submitted  to  genera]  industry 
review.  Separate  review  and  modification  progressed  until  1970,  when 
it  was  agreed  that  the  documents  should  be  cdi'nHni'y  combined.  To 
facilitate  international  acceptance,  the  Sccrela /.  v  was  also  directed  to 
incorporate,  wherever  possible,  material  resulting  from  International 
Standardization  actions.  Also,  the  basic  research  at  Oklahoma  Stale 
University  and  the  standards  actions  of  the  Society  of  Automotive 
Engineers  and  the  British  Standards  Institute  were  to  be  taken  into  account. 

The  combined  and  revised  draft  was  completed  on  23  November  1970.  It 
was  circulated  for  comments  and  improved  during  the  15  December  meeting. 
Balloting  was  undertaken  on  18  December  1970. 

The  ballot,  which  closed  on  15  January  1971,  was  concluded  successfully 
thru  editorial  clarifications.  One  clarification  Is  noteworthy:  the  original 
test  for  structural  integrity  called  for  a  test  al  11a  percent  ol‘  manufacturer's 
maximum  raied  output  pressure;  it  is  now  Jib  percent  of  MAOP  (maximum 
allowable  operating  pressure). 

On  20  January  1971,  the  Technical  Board  judged  that  all  negative  ballots 
and  comments  had  been  resolved  --  and  recoin. nrnded  approval.  Approval 
as  an  NFPA  Recommended  Standard  was  granted  by  the  Board  of  Directors 
on  21  January  1971.  Editorial  action  was  completed  on  31  August  1971. 

Members  of  the  NFPA  Project  Group  that  prepaved  this  standard  are  listed 
on  page  4. 

i 

On  30  December  1971,  the  NFPA  Recommended  Standard  was  submitted  to 
ANSI  Standards  Committee  B93  for  promulgation  us  an  ANSI  Standard. 
Favorable  ballot  was  concluded  on  28  February  1972.  Approval  by  the 
ANSI  Board  of  Standards  Review  wa3  granted  ori  7  March  1973. 

The  membership  roster  for  Standards  Committee  B93  a*  the  time  of 
approval  is  listed  on  page  4. 
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METHOD  OF  TESTING  AND  PRESENTING  BASIC  PERFORMANCE  DATA  FOR 
POSITIVE  DISPLACEMENT  HYDRAULIC  FLUID  POWER  PUMPS 

INTRODUCTION 


In  hydraulic  fluid  power  systems,  power  is  transmitted  and  controlled  thru  a 
liquid  under  pressure  within  an  enclosed  circuit.  Pumps  are  components  which 
convert  rotary  mechanical  power  into  fluid  power. 

With  very  few  exceptions,  all  fluid  power  pumps  are  of  the  positive  displacement 
type.  That  is,  they  have  internal  sealing  means  which  makes  them  capable  of 
maintaining  a  relatively  constant  ratio  between  rotational  speed  and  fluid  flow 
over  wide  pressure  ranges.  They  generally  utilize  gears,  vanes,  or  pistons. 
Non-positive  displacement  pumps,  such  as  centrifugal  or  turbine  types,  are  seldom 
associated  with  fluid  power  systems. 

Pumps  are  available  either  as  "fixed"  or  "variable"  displacement  types.  Fixed 
displacement  pumps  have  pre-selected  internal  geometries  which  maintain  a  constant 
volume  of  liquid  passing  thru  the  pump  per  revolution  of  the  pump's  shaft. 

Variable  displacement  pumps  have  means  for  changing  the  internal  geometries  so 
that  the  volume  of  liquid  passing  thru  the  pump  per  revolution  of  the  pump's 
shaft  can  be  changed. 

1 .  SCOPE 

To  include  basic  methods  of  test,  and  methods  for  presenting  the  following 
performance  data  for  rotary  positive  displacement  hydraulic  fluid  power 
pumps  used  in  industrial,  mobile,  and  marine  applications: 

1 . 1  Pumps 

1.1.1  Volumetric  displacement 

1.1.2  Output  flow 

1.1.3  Power  input 

1.1.4  Overall  efficiency 

1.1.5  Fluid  inlet  pressure  requirements 

1.1.6  Volumetric  efficiency 

1.1.7  Mechanical  efficiency 

This  recommended  standard  also  applies  to  variable  displacement  pumos  when 
tested  under  fixed  displacement  conditions. 

In  addition  to  the  basic  requirements  of  this  recommended  standard,  other 
performance  information  may  be  necessary  to  accommodate  individual  application 
requirements. 

1.2  Excludes  pumps  which  contain  Integral  valving.  (?) 

1.3  Method  of  test  applies  only  to  the  laboratory,  not  the  production  line 
or  field.  (16  January,  1980) 
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2.  PURPOSE 

To  provide  a  uniform  and  accurate  means  for  determining  and  expressing  pump 
performance  capabilities  In  a  standard  form;  to  guide  the  establishment  of 
meaningful  ratings;  and  to  aid  in  accomplishing  optimum  component  application. 

3.  TERMS 

(For  definition  of  terms  not  herein  defined,  see  Reference  No.  1) 

3.1  Test  Parameter:  Any  one  of  several  physical  quantities  which  are 
used  to  assess  the  performance  of  a  pump  but  which  are  controlled  at 
predetermined  values  throughout  the  course  of  a  test.  Synonym 
Independent  Variable,  Controlled  Variable. 

3.2  Target  Value:  A  predetermined  value  for  a  particular  Test  Parameter. 

The  test  procedure  requires  the  setting  in  of  the  Test  Parameters  at 
values  which  are  very  near  the  predetermined  values. 

3.3  Observation:  A  record  of  all  measured  data,  both  dependent  and  independer 
variables,  at  any  one  combination  of  Parameter  Values  (Target  Values). 

3.4  Base  Operating  Condition:  A  specific  operating  point  during  which  time 
all  Test  Parameters  are  set  to  their  rated  values  as  recommended 

by  the  pump's  manufacturer. 

4.  GRAPHIC  SYMBOLS 

Graphic  symbols  used  herein  are  In  accordance  with  References  No.  2,  3,  and  4. 
Where  References  No.  3  and  4  are  not  In  agreement  with  No.  2,  Reference  No. 

2  governs. 
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LITERAL  SYMBOLS 


Physical  Quantity  Symbols 
Meaning 


idy  State 

Q 

H 

T 

P 

N 

W 

D 

0 


Transient 

q 

h 

t 

P 

n 

w 

d 

e 


Flow 

Efficiency 
Torque 
Pressure 
Rotational  Speed 
Power 

Displacement 

Temperature 


US  Units  of  Measure 

Gallons  per  minute 

percent 

lbs- in 

PS  I 

RPM 

Horsepower 

in^/rev 

°F 


SI  Units  of  Measure 

Liter  per  minute 

percent 

newton-meter 

bar 

RPM 

Kilowatt 
cc  per  rev 
°C 


5.2  Identifier  Subscript  Symbols 


Symbol 

i 

I 

b 

T 

0 

V 

M 

L 

a 

P 

D 

A 

e 


Meaning 

Ideal,  based  on  design  info  rather  than  test  data 
Input 

At  base  Conditions 
Total  or  Overall 
Output 

Volumetric  Used  with  efficiencies  only 
Mechanical 

Leakage  or  loss,  depending  upon  associated  Quantity 
Symbol 

Actual,  based  on  test  data  as  opposed  to  ideal 
Pump 

Differential  Used  for  pressure  only 

Average 

Effective 


UNITS 

6.1  The  International  System  of  Units  (SI)  is  used  in  accordance  with 
Reference  No.  5. 


6.2  Approximate  conversions  to  "customary  US"  units  are  given  for 
Information  purposes.  These  appear  in  parentheses  after  their  SI 
counterpart,  or  separate,  as  in  the  case  of  formulas  and  graphs. 
Conversion  is  based  upon  the  "total  implied  precision"  principle. 

6.3  Use  the  SI  units  on  all  graphs  and  data.  (The  use  of  customary  US 
equivalents  is  optional.) 
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7.  GENERAL  PROCEDURES 

7.1  Pumps 

7.1.1  Select  and  set  up  all  test  apparatus  per  section  8. 

7.1.2  Run  all  tests  per  section  10. 

7.1.3  Using  data  from  section  10,  make  calculations  per  section  11. 

7.1.4  Using  data  from  section  10  and  calculations  from  section  11, 
present  data  per  clauses  12.1  and  12.2. 

8.  TEST  EQUIPMENT  SELECTION  ANO  GENERAL  SET-UP 

8.1  For  the  Power  Conversion  Tests,  set  up  the  circuit  as  in  Figure  1. 

8.2  Fluid 

8.2.1  Select  a  fluid: 

8. 2. 1.1  Which  Is  Newtonian,  that  is,  one  that  does  not  contain 
polymeric  materials  used  as  thickeners  or  viscosity 
Index  improvers. 

8. 2. 1.2  Which  has  viscosity  characteristics  which  are  within  the 
limits  shown  in  Table  1  or  Table  2. 
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TABLE  1 


US  UNITS 


Viscosity  must  be 
between  these  limits 

I 

Ml  L-  L- 21 04 

Recommendation  on  Usage 

At  104°F 

At  212°F 

mm 

Grade 

160  and  240 
SUS 

46  and  51 

SUS 

10 

10 

Preferred 

240  and  460 
SUS 

51  and  58 

SUS 

20 

Not  Preferred  ! 

460  and  725 
SUS 

48  and  69 

SUS 

30 

30 

i 

Not  Preferred  ! 

725  and  1050 
SUS 

69  and  85 

SUS 

40 

1 

I 

40  ! 

!  ! 

Not  Preferred  1 

1050  and 

1650  SUS 

85  and  110 

SUS 

50 

! 

50 

Not  Preferred  1 

TABLE  2 


ISO  UNITS 


Viscosity  in  CST  mut  be 
between  these  limits 

mm 

- 1 — - - - - 1 

M1L-L-2104 

Grade 

Recommendation  on  Usage 

At  40°t 

At  100°C 

IS MM 

34  -  51 

6.0  -  7.6 

10 

.  10 

Preferred 

51  -  99 

7.6  -  9.6 

20 

N/A 

Non  Preferred 

99  -  156 

9.6  -  12.7 

30 

30 

Non  Preferred 

156  -  226 

12.7  -  16.8 

40 

40 

Non  Preferred 

226  -  356 

16.8  -  22.7 

50 

50 

Non  Preferred 

8. 2. 1.3  Which  is  "Not  Preferred"  only  when  the  pump's 

Manufacturer  declares  that  the  preferred  viscosities  are 
too  low  for  the  safety  of  the  pump. 

8.2.2  Verify  the  viscosity  by  measuring  it  in  accordance  with 
Reference  No.  8. 
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8.2.3  Filtration:  The  position,  number  and  specific  descriptor  , 
filters  used  In  the  test  circuit  shall  provide  a  standard 
filtration  approved  by  the  pump  manufacturer  and  shall  in¬ 
stated.  (27  March.  1979) 

8.3  Working  Instruments 

8.3.1  Select  Working  Instruments  which  meet  the  requirements  of  the 
applicable  annexes  to  this  standard  (Note:  NFPA/T2.12  and 
ISO/TC- 1 31 /SC-8/WG-3  are  developing  these  annexes). 

8.4  Pressure  Taps 

8.4.1  Select  a  pressure  tap  which  can  be  evaluated  in  accordance  with 
the  applicable  Annexes  to  this  standard. 

8.4.2  Install  the  pressure  tap  in  locations  which  agree  with  Figure  1. 


8.5  Size  and  select  all  other  test  equipment  to  be  compatible  with  the 
applicable  limits  entered  on  the  Designated  Information  Sheet. 

8.6  Install  necessary  safety  devices  to  protect  both  equipment  and 
personnel . 

8.7  Use  plumbing  and  circuit  construction  techniques  to  ensure  that  no 
entrained  air  enters  the  pump  inlet  port. 

8.7.1  Use  inlet  plumbing  which  is  the  same  size  as  that  which  the 
pump  has. 

8.7.2  There  can  be  no  changes  in  inlet  plumbing  size  within  10 
Inlet  pipe  inside  diameters. 

9.  PRE-TEST  DATA 

9.1  Power  Conversion  Test 

9.1.1  Using  fluid  and  pump  manufacturers'  information,  determine 
Items  1  through  88  on  the  Designated  Information  Sheet. 

9.1.2  Measure  the  viscosity  of  the  fluid  in  accordance  with  Reference 
No.  8;  record  on  8C  of  the  Designated  Information  Sheet. 

9.1.3  Determine  the  viscosity  index  in  accordance  with  Reference  7; 
record  on  8D  of  the  Designated  Information  Sheet. 

9.1.4  Determine  the  Target  Values  using  both  pump  manufacturer's 
Information  and  the  following  selection  criteria: 

9. 1.4.1  For  variable  displacement  pumps,  use  100%,  75%,  50? 
and  25%  of  maximum  geometric  displacement.  Enter 
the  displacement  values  on  Line  9A  of  the  Designated 
Information  Sheet.  For  fixed  displacement  pumps,  use 
100%  only. 


9. 1.4. 2 


9. 1.4. 3 


9. 1.4. 4 


9. 1.4. 5 


T3.9.17R1 
Draft  #5 
20  March,  1980 

For  shaft  speeds,  use  1002,  802,  60%,  40%  and  20% 
of  rated  speed.  Enter  these  speed  values  on  Line 
98  of  the  Designated  Information  Sheet. 

For  Inlet  pressures,  use  the  manufacturer's  recommended 
minimum.  Enter  this  pressure  value  on  Line  9C  of  the 
Designated  Information  Sheet. 

For  outlet  pressures,  use  100%,  80%,  60%,  40%,  20%  of 
base  pressure  and  minimum  output  pressure.  Minimum  output 
pressure  must  be  less  than  10%  of  rated  pressure.  Enter 
these  pressure  values  on  Line  9D  of  the  Designated 
Information  Sheet. 

Using  the  standard  viscosity  chart  of  the  fluid 
selected  in  clause  8. 2. 1.2,  determine  the  upper 
and  lower  target  values  for  temperature  so  that 
the  two  Target  Viscosities  meet  the  requirements 
as  given  on  the  applicable  line  below: 

TABLE  3 


SAE 

Grade  of 
Fluid 


M1L-L-2104 
Grade  of 
Fluid 


Low  Temperature 
Target  Viscosity 
in  CST  (SUS) 

27.4  (130) _ 


High  Temperature 
Target  Viscosity 
in  CST  (SUS) 

9.9  (59) 


70.1  (325) 
101.4  (470] 
151  (700) 


18.0  (90) 
25.0  (120) 
33.9  (160) 


A.  Enter  both  resulting  temperatures  on  Line  9E 
of  the  Designated  Information  Sheet  as  the  two 
Target  Values  for  the  Power  Conversion  Test. 

B.  Enter  the  two  applicable  Ta*-aet  Viscosities  on 
Line  9F  of  the  Designated  Information  Sheet. 

9.1.6  Estimate  the  Maximum  Expected  Values  of  the  Test  Variables 
using  the  following  formulas  (Note:  The  formulas  are  only 
estimates  to  aid  in  selecting  equipment,  they  do  not  assure 
that  actual  safe  limits  will  be  achieved): 

9. 1.5.1  For  Maximum  Expected  Outlet  Flow,  use 

g  *  (Design  Displacement)  x  (Rated  Speed)  gpv) 
ymax  23l 

Enter  this  value  on  Line  1UA  of  the  Obsignated 
Information  Sheet. 
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9. 1.5. 2  For  Input  Torque,  use 

7  _  1.4  x  (Rated  Pressure)  x  (Design  Displacement) 


Enter  this  value  on  Line  1 08  of  the  Designated 
Information  Sheet. 

9. 1.5. 3  For  Case  Drain  Flow,  use  20%  of  Maximum  Expected 
outlet  flow.  Enter  this  value  on  Line  10C  of  the 
Designated  Information  Sheet. 

9. 1.5. 4  For  Input  Power,  use 

U  •  <Rate,J  Speea)  *  Tmax 
max  63024  HP 


Enter  this  value  on  Line  10D  of  the  Designated 
Information  Sheet. 

9.2  Evaluation  of  Measurement  Error 

9.2.1  Evaluate  the  Measurement  Error  in  accordance  with  the  applicable 
Annexes  of  this  Standard  (Note:  NFPA/T2.12  and  ISO/TC-1 31/SC-8/ 
WG-3  are  preparing  these  annexes).  Enter  on  Desig.  In*o.  Sheet. 

9.2.2  Using  Table  4: 

9. 2. 2.1  Select  a  Measurement  Accuracy  Class  for  each  measured 
variable. 

9. 2. 2. 2  Using  the  "Basis/Units"  column  in  Table  4  and  the 
specific  conditions  of  this  test,  determine  the 
Maximum  Allowed  Error  in  the  units  of  measure  as  follows: 


Shaft  Speed  MAE  = 
(Maximum  Test  Speed) 


1%  From  Table  4) 


Inlet  Pressure  Below  Atmosphere  MAE  = 

Selected  Value  from  Table  4 

Inlet  Pressure  Below  Atmosphere  or  up  to  1  bar  above 
Atmosphere  MAE  = 

Selected  value  from  Table  4 


Outlet  Pressure  MAE  = 

(Maximum  Test  Pressure)  x 

100 

Inlet  Temperature  MAE  = 
Selected  Value  from  Table  4 

Outlet  Flow  MAE  = 

(Maximum  Test  Flow)  x  [%  Frc 


[%  From  Table  4) 


x  (%  From  Table  4) 

roo 
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G.  Input  Torque  MAE  = 

(Maximum  Test  Torque)  x  (%  From  Table  4) 

100' 

H.  Case  Drain  Flow  MAE  = 

(Maximum  Test  Case  Drain  Flow)  x  (t  From  Table  4) 

lt)6 

9.2.2. 3  Enter  the  above  values  on  the  corresponding  lines  of 
section  II  of  the  Designated  Information  Sheet  under 
the  column  headed  “Max  Allowed  Error". 

Please  Take  Notice:  When  Maximum  Allowable  Error 
evaluated  correctly,  the  values  are  in  the  units  of 
measure,  not  percentages. 

9.2.3  Compare  the  Maximum  Allowable  Errors  from  9.2.2  to  the  Actual 
Measurement  Error  from  9.2.1.  If  the  Actual  exceeds  the 
Allowable,  then  a  different  Class  of  Accuracy  must  be  selected, 
or  a  different  measurement  method  must  be  employed. 


I 

I 
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DESIGNATED  INFORMATION  SHEET 
HYDRAULIC  FLUID  POWER  PUMP  TESTS  NFPA  T3.9.17 


1.  Manufacturer: _ 

2.  Model: _ 

3.  Serial  No. : 

4.  Pumping  Pr1nc1ple:_ 

5.  Rated  Pressure: _ 

6.  Rated  Speed: _ 

7.  Design  Displacement: 

8.  Fluid: _ 


A. 

Manufacturer: 

B. 

Type: 

C. 

Viscosity  at  100°F: 

D. 

Viscosity  Index: 

E. 

Additives: 

F. 

Specific  Gravity: 

G. 

Bulk  Modulus: 

H. 

Temp  Coef  of  Expansion: 

Target  Values  -  Power  Conversion  Test 

A.  Displacements :  100%  =  ,  75%  * 

,  %50  =  ,  25%  3 

B. 

Shaft  Speeds:  100%  =  ,  80%  =  .  60% 

u  1 

-C* 

o 

** 

II 

• 

ro 

o 

** 

ii 

C. 

Inlet  Pressures: 

D. 

Outlet  Pressures:  100%  *  80%  3 

40%  =  .  20%  3  .  Min  3 

<  10%  Rated  Pressure 

E. 

Inlet  Fluid  Temperatures: 

F. 

Viscosities: 

G. 

Directions  of  Rotation: 

10.  Maximum  Expected  Values  of  the  Test  Variables  Power  Conversion  Test 

A.  Outlet  Flow: _ 

B.  Input  Torque: _ 

C.  Case  Drain  Flow: _ 

D.  Input  Power:  _ _ 

11.  Error  Evaluations  -  ^ower  Conversion  Test 


Parameter  Measurement 

Class 

A.  Shaft  Speed 

Max.  Allowed 
Measurement 

Error (From  Table  4) 

Actual 

Measurement 

Error  (From  Cl .  9.2 

B. 

Inlet  Pressure  (Low) 

C. 

Inlet  Pressure  (High) 

D. 

Outlet  Pressure 

E. 

Inlet  Temperature 

F. 

Outlet  Flow 

G. 

Input  Torque 

H. 

Case  Drain  Flow 

12.  Total  Number  of  Observations: 

13.  Testing  Agency: _ 


T3.9.17R1 
Draft  #5 
20  March,  1980 


10.  PUMP  TEST  PROCEDURES 

10.1  Install  the  test  pump  in  the  test  rig  shown  in  Figure  1. 

10.2  Break-in  the  pump  in  accordance  with  manufacturer's  recommendations. 

10.3  Power  Conversion  Test 

10.3.1  Iterate  parameters,  ie,  speed,  inlet  pressure,  outlet 
pressure,  inlet  temperature  and  pump  displacement  through 
all  applicable  Target  Values  as  recorded  on  the  Designated 
Information  Sheet  and  in  all  applicable  combinations. 

10.3.2  Control  the  individual  Target  Values  within  the  limits  required 
in  Table  5  (Note:  for  variable  displacement  pumps  it  is 
recoimiended  that  displacement  be  the  slowest  changing  parameter 
in  order  to  minimize  the  problem  of  returning  to  a  given 
Target  Value  after  changing  displacement  and  further,  it  is 
recommended  that  the  stroking  control  be  locked  into  a  position 
for  a  given  Target  Value). 

10.3.3  Record  data  per  Chart  2  for  all  individual  combinations  of 
Target  Values. 

10.3.3.1  Do  not  record  Target  Values,  instead  record  their 
corresponding  actual  measured  values  of  the  Parameters. 

10.3.3.1.1  For  pressure  Target  Values,  be  sure  to 
set  the  outlet  gauge  pressure  to  a  value 
that  puts  the  pump  differential  pressure 
to  the  Target  Value.  This  will  depend 
upon  the  inlet  pressure  at  each  observation. 

10.3.3.2  Take  readings  only  after  all  parameters  and  test 
variables  have  stabilized  within  the  limits  of 
Table  5  for  at  least  5  seconds. 


TABLE  5  -  PARAMETER  REGULATION  REQUIREMENTS 
HYDRAULIC  FLUID  POWER  PUMP  TESTS 


| 


1 

i 

i 


i 
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PUMP  CALCULATIONS 

11.1  When  the  optional  flowmeter  location  downstream  of  the  load  valve 
is  used  (see  figure  1),  flow  data  may  have  to  be  corrected  to  the 
pump  outlet  using  the  following  formula: 


-  qJ'  -  (t>°— P-£l  ♦  *  («„  -  > 


Explanation  of  symbols: 

Q  is  the  effective  flow  at  the  high  pressure  outlet  port, 
oe 

(^is  the  flow  as  measured  in  the  optional  location. 

PQ  is  the  measured  outlet  pressure. 

Pp  is  the  inlet  pressure  to  the  flowmeter. 

K-j.  is  the  isothermal  secant  bulk  modulus  as  supplied  by  the  fluid 
manufacturer. 

Y  Is  the  cubic  coefficient  of  thermal  expansion  as  supplied  by  the 
fluid  manufacturer. 

The  correction  formula  must  be  applied  if,  when  the  difference  between 
Qoe  and  Qp  is  added  to  the  Actual  Measurement  Error,  the  result  exceeds 

the  Maximum  Allowable  Error.  If  the  Maximum  is  not  exceeded,  then 
the  correction  is  not  necessary  then: 

Q  *  Qr 
voe  yF 

11.2  In  order  to  compensate  for  the  inevitable  fact  that  Target  Values 

cannot  be  perfectly  acquired  during  the  test  and  further,  to  compensate 
for  the  graphical  Irregularities  which  accompany  imperfect  target 
acquisition,  it  is  permissible  to  adjust  the  torque  and  flow  data 
to  values  that  would  have  existed  had  target  acquisition  been  perfect, 
tne  following  formulas  apply  as  first  approximations: 

^Adj  "  ^oe  *  NTa rget 
^Actual 

which  applies  only  if  the  actual  speed  differs  from  the  Target 
Speed  by  no  more  than  10%  of  Maximum  Test  Speed,  and 

T  =  T  y  P 

Adj  oe  Target 


Actual 

which  applies  only  if  the  actual  pressure  differs  from  the  Target 
pressure  by  no  more  than  5%  of  the  maximum  test  pressure. 
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11.3  Calculate  the  pump  input  power: 

WT  (Watts)  =  0.105  Tr{n-m)  x  N.(rpm) 

i  *  A 

Wj  (HP)  =  Tj(in-lb)  x  Nj ( rpm)/63024 

11.4  Calculate  pump  output  power: 

WQ  (Watts)  =  1.67  x  [Pq  -  Pj](bar)  x  QQf>(L/Min) 

WQ  (HP)  -  [PQ  -  Pj](psi )  x  Qoe(gpm)/1714 

11.5  Calculate  overall  efficiency 


11.6  Determine  the  Actual  Displacement 

11.6.1  Separate  Power  Conversion  Test  data  by  displacement  and 
temperature,  that  Is,  so  that  each  individual  displacement- 
temperature  combination  forms  a  single  block  of  data.  For 
each  of  those  blocks,  carry  out  the  following  three  steps: 

11.6.1.1  Calculate  the  Simple  Displacement: 

Simple  Displacement  (cc/rev)  * 

1000  x  Qoe(L/Min)/NJ(rpm) 

Simple  Displacement  (cu-in/>ev)  = 

231  x  Qoe(9Pm/|VrPni) 

for  all  observations  in  each  of  the  data  blocks 
formed  in  11.6.1. 

11.6.1.2  Scan  all  data  in  each  block  and  select  the  maximum 
value  of  the  Simple  Displacement  as  the  Actual 
Displacement: 

Da  =  Max  [Simple  Displacement] 

<1 

11.6.1.3  Repeat  11.6.1.1  and  11.6.1.2  for  each  temperature- 
displacement  data  block 

11.7  Determine  che  Volumeteric  Efficiency: 

11.7.1  For  each  displacement-temperature  combination,  calculate  the 
Ideal  Flow  using  the  displacement  found  in  11.6.1.2: 

Q01-(L/Min)  =  Da(cc/rev)  x  Nj (rpm)/1000 
Qo^gpin)  =  Dfl(cu-1n/rev)  x  Nj(rpm)/1000 
for  each  observation. 

-20- 
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11.7.2  Calculate  the  Volumetric  Efficiency: 


11.7.3  Determine  the  volumetric  efficiency  at  the  base  operating 
condi tion: 

HVb  Qoeb 


where  Qogb  is  the  effective  output  flow  at  base  conditions 
and  ^oib  is  ^ow  calcu1ated  using  base  speed. 

11.7.4  Determine  the  volumetric  efficiency  at  the  base  operating 
condi tion : 


HVb  =  Qoab 
Qo1b 


where  %ab  ’s  the  actual  flow  when  the  pump  was  operated 

under  the  condition  of  rated  speed,  rated  temperature, 
maximum  displacement,  rated  inlet  pressure  and  rated 
outlet  pressure;  ^oib  is  the  ideal  flow  at  base  condition 

which  was  found  in  11.7.1  using  rated  speed  for  Nj. 


11.8  Determine  the  Mechanical  Efficiency: 

11.8.1  For  each  displacement  setting,  calculate  the  Ideal  Input 
Torque  using  the  displacement  as  determined  in  11.6.3: 


Tj.(n-m)  =  Dfl(cc/rev)  x  [P0  -  Pj](bar)/2000Tt 


TI. (in-lb)  a  D_(cu-in/rev)  x  [Pft  -  PT](psi)/2n 

i  a  O  1 

where  P„  and  PT  are  measured  values  taken  from  the  Power 
o  l 

Conversion  Test  and  Pj  Is  a  negative  value  when  the  inlet 
pressure  Is  below  atmospheric. 

11.8.2  Calculate  the  Mechanical  Efficiency: 


-21- 
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11.8.3  Determine  the  Mechanical  Efficiency  at  the  base  operating 
:ondi tion : 

HM  =  TI 1 b 
TIab 

where  Tj  ^  is  the  actual  torque  measured  when  the  pump  was 

operated  under  the  condition  of  rated  speed,  rated  temperature:, 
maximum  displacement,  rated  inlet  pressure  and  rated  outlet 
pressure;  Tj^  is  the  ideal  torque  which  was  found  in  11.8.1 

using  rated  values  for  PQ  and  Pj. 

12.  TEST  DATA  PRESENTATION 

When  describing  pump  performance  in  accordance  with  this  standard,  the 
following  data  shall  be  provided. 

12.1  Provide  all  information  contained  on  the  Designated  Information  Sheet. 

12.2  Provide  all  test  data  results  as  described  in  12.2.1  and  12.2.2 

12.2.1  For  each  displacement  setting,  plot  graphically  (see  figure  2) 
pump  performance  versus  pump  pressure  differential  (PQ  -Pj) 

at  a  constant  pump  speed  (Nj). 

12.2.1.1  Overall  efficiency  (HT)  versus  pressure 
differential  (PQ  -  Pj)  with  test  temperature  (o) 
as  a  parameter. 

12.2.1.2  Flow  output  (Qq)  versus  pressure  differential 

0  -  Pj)  with  test  temperature  (e)  as  a  parameter. 

12.2.1.3  Horsepower  input  (Wj)  versus  pressure  differential 
(P  -  Pj)  with  test  temperature  (e)  as  a  parameter. 

12.2.1.4  Repeat  12.2.1  for  each  displacement  setting  and 
pump  speed  combination. 

12.2.2  For  each  displacement  setting,  plot  graphically  (see  figure  3) 

pump .performance  versus  pump  speed  (N.)  at  a  constant  test 
temperature  (s)  1 

12.2.2.1  Flow  output  (Qq)  versus  pump  speed  (Nj)  with  pressure 
differential  (P  -  Pj)  as  a  parameter. 

12.2.2.2  Overall  efficiency  (Hy)  versus  pump  speed  (Nj) 
with  pressure  differential  (PQ  -  Pj)  as  a  parameter. 

12.2.2.3  Horsepower  input  (Wj)  versus  pump  speed  (Nj)  with 
pressure  differential  (PQ  -  Pj )  as  a  parameter. 
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12.2.2.4  Repeat  12.2.2  for  each  displacement  setting 
and  test  temperature  combination. 

12.3  Graphing  of  several  variables  on  one  set  of  axes  is  allowed. 

14.  IDENTIFICATION 

The  use  of  the  following  statement  in  catalogues  and  sales  literature 
prepared  by  those  electing  to  comply  with  this  voluntary  standard  is 
strongly  recommended: 

14.1  "Performance  data  obtained  and  presented  per  NFPA  Recommended  Standard 
T3.9.17-19XX". 


FIGURE  1 
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*  If  positive  inlet  pressures  are  required,  the  supercharge  pump  can  be  used. 

If  very  low  inlet  pressures  are  required,  only  the  load  valve  may  be  necessary. 

Note  1:  See  clause  8.2.3  for  filtration  requirements 

Note  2:  When  the  Optional  Flowmeter  position  is  used,  it  may  be  necessary  to 
correct  for  differences  in  pressure  between  the  preferred  and  optional 
positions.  See  Clause  11.1  for  specific  procedures  and  criteria. 
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A  GLOSSARY  OF  TERMS  IN  SUPPORT  Of  TESTING  I_N  A  HYDRAULIC 
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1.0  Purpose: 

To  set  forth  those  terms  and  their  definitions  needed  to  understand  the 
technology  associated  with  accurate  measurement  of  the  physical  variables 
encountered  in  the  assessment  of  fluid  power  equioment. 

2.0  Scope: 

2.1  Includes  terms  used  for  understanding  calibration  of  instruments. 

2.2  Includes  terms  used  for  understanding  measurement  of  physical 
variables  in  fluid  power  systems. 

3.0  References: 


.1. 
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TERMS  AND  DEFINITIONS 

4.!  Agency:  Any  person  or  organ  i  za  ti  on  or  part,  section,  depart- 
pienf  or  division  of  an  <'»'',an i /a t ion  which  maintains  equipment 
and  suDPor*  i  :  records  for  the  purpose  of  engagino  in  any  or 
all  nt  t  he  f  <  •  1 1 nw i no : 

A,  Calibration  of  Reference  Standards 
R.  Calibration  of  Work  inn  Instruments 
C.  Test  inn  of  Fluid  Power  Equipment. 

4./  Calibration:  The  process  of  comparino  a  first  Reference  Standard 
to  a  second  Reference  Standard  or  Working  Instrument  Reference 
Standard  or  Work  inn  Instrument. 

4.3  Calibration  Situation:  That,  time  when  a  Working  Instrument  is 
Calibrated  -  i.iinst  a  Reference  Standard. 

4.4  Certificate:  A  written  statement  by  a  Certified  Calibration  Agency 
that  a  calibration  has  been  carried  out  in  accordance  with  this 
standard. 

4.5  Certified  Calibration:  Ine  process  of  comparing  a  Certified 
Reference  Standard  to  another  Reference  Standard  or  Working 
Instrument  and  providing  supporting  documentation  in  accord¬ 
ance  with  this  standard. 

4.6  Certified  Calibration  Agency:  Any  Agency  which  maintains 
Reference  Standards  and  supporting  documentation  in  accord¬ 
ant  e  with  this  standard. 

4.7  Certification  Lineage:  That  path  which  traces  the  calibration  of 
an  instrument  to  the  Ultimate  Reference  Standard. 

4.8  Dummy  Calibration:  A  process  whereby  a  signal  to  a  transducer 

is  simulated  electronically  in  order  to  facilitate  the  return 
of  electronic  gains  to  the  levels  used  during  Calibration.  Use 
of  Dummy  Calibration  is  not  a  substitute  for  Verification  or  Cal¬ 
ibration.  Jl 

4.9  Environmental  Factors:  Any  physical  variable  other  than  theAoutput 

of  an  Instrument.  In  a  pressure  transducer,  for  instance,  tempera t me 
may  cause  a  span  or  zero  shift,  making  temperature  an  Envi ronmenta i 
Tactor  affecting  the  pressure  measurement.  In  another  case, 
pressure  may  affect,  a  temperature  transducer,  making  pressure  the 
Envi  momenta  1  Factor. 

4.10  Error:  The  estimated  uncertainty  surrounding  a  given  measurement 
which  establishes  t. tie  boundaries  within  which  the  true  value  lies 
relative  to  the  Indicated  Value. 

4.11  Error  Contribution:  An  estimate  of  that  amount  of  uncertainty 
which  contributes  to  the  Total  Error  and  is  attributable  to  a 
single  error  producing  phenomenon. 

4.12  Indicated  Value:  The  best  estimate  of  a  value  based  upon  the 
human  interpretation  of  a  readout  device.  Synonym:  Reading 

4.13  Instrument.:  Any  device  used  for  measurement. 
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4.14  Mathematical  Model:  A  graph,  chart  or  equation  which  relates  the 
indicated  Value  to  the  value  of  the  measurand. 

4.15  Measurement  5  * '  uu  t  i  on  :  Th.it  time  when  a  Testing  Aqency 
incorporate-..  i.'nrHn.;  In'truments  in  the  testing  of  fluid  power 
component',  and/or  systems. 

4.16  Physical  Standards  Laboratory:  That  aqency  which  is  recognized 
by  a  national  qovernment.  as  capable  of  maintaininq  Ultimate 
Reference  Standards. 

4.17  Pressure  Measurement  System:  All  those  devices  which  are 
interconnected  between  the  system,  the  pressure  of  which 

i  to  me  measured,  and  the  final  readout  device. 

4.18  Pressure  Transducer:  Any  device  which  senses  fluid  pressure  and 
converts  it  <u  an  electrical  siqnal. 

4.19  Random  Lrror:  An  error  which  has  no  known  physical  cause  and  is 
completely  unpredictable  except,  within  some  bounds. 

4.20  Readability:  A  qenei ir  term  used  to  describe  the  ability  of  a 
human  observer  to  j-.siqn  a  diqital  quantity  to  the  value  displayed 
on  a  Readout  Device. 

4.21  Readability  Lrror:  The  error  caused  by  the  inability  to  assiqn  an 
unlimited  number  of  diqits  to  t.he  output  of  an  instrument. 

4.22  Readout  Device:  That  mechanism  which  ultimately  displays  the 
value  of  a  physical  variable*  within  a  system  in  a  form  upon  which 
topical  decisions  can  be  made. 

4.23  Reference  Standard:  A  measuring  system  which  is  used  only  to 
calibrate  other  measuring  devices  and/or  systems. 

4.24  Reference  Standard,  Intermediate:  A  Reference  Standard  maintained 
by  any  person  or  organization  other  than  the  Physical  Standards 
Laboratory  arid  which  has  been  certified  in  accordance  with  this 
standard . 

4.25  Reference  Standard,  Laboratory:  A  Reference  Standard  which  is 
permitted  between  the  Ultimate  and/or  Intermediate  References  in 
certain  special  cases,  criteria  for  which  are  contained  in  this 
standard. 

4.26  Reference  Standard,  Ultimate:  That  Reference  Standard  maintained 
by  the  Physical  Standards  laboratory.  The  most  authoritative 
Reference  Standard  in  a  given  country. 

4.27  Reference  Value:  The  best  estimate  of  the  actual  value  of  a  physical 
variable  experienced  by  an  instrument  durinq  its  calibration,  taking 
into  account  corrections  in  fluid  column  heiqht  and  calibration 
corrections  for  the  Reference  Standard.  It  should  not  be  confused  with 
the  true  value  which  can  never  be  known  exactly. 

4.28  Second  Order  Error:  The  error  induced  in  the  determination  of  a 
measured  quantity  caused  by  a  measurement  error  in  an  Environmental 
Factor  which  is  going  to  be  used  to  make  a  correction  to  the  basic 
measured  quantity. 
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4.?9  Snubber:  A  hydraulic  restriction  deliberately  placed  between  the 

source  of  pressure  to  be  measured  and  the  pressure  transducer  for  the 
Purpose  of  darning  ore,. ure  pulsations. 

4.30  Stati'  rressure:  'hat.  pressure  in  a  lira'  which  does  not  include 
effects  due  fluid  momentum. 


4.31 


4.3? 


4.33 

4.34 

4.35 


Steady-State:  An  opera t inn  condition  in  a  hydraulic  system 
which  is  characterized  by  the  fact  that 


J 


Yt  a  Cfi  te. 
Y>cirydt  — 


,  ,  rL 

and  where  ■  and 
the  period  of  the 


fPitydi 


are  arbitrary  and  k  is  an  integermul tiple  of 
fundamental  frequency  of  the  pulsation. 


Symmetry  Test:  A  test  conducted  on  a  Snubber  for  the  purpose  of 
determininq  the  extent  to  which  its  reverse  pressure-flow 
characteristic  aqrees  with  its  forward  pressure- fl ow  character¬ 
istic:  for  the  further  purpose  of  assessing  its  Error  Contribution. 
See  Section  •  for  details. 

Systematic  Error:  A  repeatable  error  which  is  caused  by  a  physical 
phenomenon  which,  if  sufficient  experimental  evidence  exists,  can 
be  el i mi nated. 

Testing  Agency:  Any  Aqencv  which  conducts  tests  on  Fluid  Power 
Equipment . 

Total  Error:  The  total  estimated  uncertainty  in  the  value  of  a 
measured  quantity  caused  by  (he  combined  effect  of  all  [rror 
Con  t r  i  bu  t  i  riq  phenomena  . 


4.36  Verification,  Working  Instrument:  An  abbreviated  calibration 
procedure  carried  out  at,  specified  intervals  between  Certified 
Cal i brat  ions . 

4.37  Working  Instrument:  Amoasurinq  system,  which  includes  interconnectin'-! 
linkaqes,  any  necessary  sional  cpndi tioninq  and  signal  processing  and 
the  readout  device,  which  is  used  by  the  Testing  Agency  while  conducting 
tests  ori  Fluid  Power  Equipment. 
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ANNEX  B 

RECOMMENDED  MET  HO!  1  OR  CALIBRATING  WORK  INC.  INSTRUMENTS  FOR  USE  IN 
II  STING  H  UID  POWER  EQUIPMENT 

1.0  Purpose:  To  sot  forth  the  calibration  procedures  of  Working  Instruments 
used  in  fluid  power  measurements. 

2.0  Scope: 

2.T  To  include  regu i rements  of  Reference  Standards. 

2.2  To  include  requirements  of  Working  Instruments. 

2.3  To  include  procedures  for  calibrating  Working  Instruments. 

2.4  To  ini ude  the  requirements  of  the  Working  Instrument's  Label. 

3.0  Definitions: 

3 . 1  Refer  to  Annex  A 

3.2  All  terms  used  in  this  standard  which  are  capitalized  are  defined 
in  Annex  A. 

4.0  General  Procedures 

4.1  Select  a  Reference  Standard  per  clause  5.0. 

4.2  Calibrate  the  Working  Instrument  per  clause  6.0. 

4.3  Prepare  an  Instrument  Label  per  clause  7.0. 

5.0  Select  a  Reference  Standard: 

5.1  Which  is  certified  to  have  been,  itself,  traieably  calibrated  within 
the  intervals  given  in  Table  1. 

5.2  Which  is  free  of  physical  damage  except  as  noted  on  its  certificate. 

5.3  Which  has  had  its  total  error  evaluated  and  certified. 

5.4  Mount  the  Reference  Standard  in  an  attitude  indicated  on  its 
Certificate,  or  in  that  attitude  recommended  by  its  manufacturer. 

6.0  Calibrate  the  Workinq  Instrument  at  the  applicable  frequency  given  in 
Table  2. 

6.1  Select  a  Working  Instrument  which  is  free  from  physical  damage. 

6.1.1  Mount  the  Workinq  Instrument  in  an  attitude  recommended  by 
the  manufacturer  or  in  an  attitude  expected  in  the  Measurement 
si tuation . 

6.1.2  Make  zero  value  checks  with  the  Working  Instrument  physically 
uncoupled  from  any  possible  loading  effects. 


-1- 


Annex  6 
Draft  n 
14  April ,  1978 


6.1.3  Collect  calibration  data. 

6. 1.3.1  Couple  the  Working  Instrument  to  the  Reference 
Standard. 

6. 1.3. 2  For  Working  Instruments  which  are  subject  to 
hysteresis  effects  due  to,  for  instance, 
material  characteristics  or  static  friction, 
carry  out  the  calibration  for  both  increasing 
and  decreasing  Reference  Values. 

6. 1.3. 3  Take  advantage  of  any  correction  charts  or 
mathematical  models  which  may  have  resulted 
from  Calibration  of  the  Reference  Standard 
which  are  needed  to  confine  the  Reference 
Standard's  Total  Error  to  the  Certified  amount. 

6. 1.3. 4  Make  corrections  to  the  Reference  Values  for 

any  other  Systematic  Errors  when  the  relationships 
with  other  physical  variables  are  known  and  the 
physical  variables  themselves  are  known  (measured) 
at  the  time  of  Working  Instrument  Calibration  and 
if  the  effects  of  the  Systematic  Errors  will  other¬ 
wise  be  significant. 

6 . 1 . 3. 5  Record  data : 

A.  Reference  value,  after  any  corrections  as  may 
he  applicable  from  the  two  previous  clauses. 

B.  Indicated  Value  from  the  Working  Instrument. 

6. 1.3. 6  Repeat  6.1.3.S  for  at  least  five  trials  and  use 
at  least  10  calibration  points  for  each.  Use  the 
same  set  of  Reference  values  during  each  trial. 

6. 1.3.7  Make  note  of  anythinq  unusual  about  the  physical 
appearance  of  the  instrument. 

6. 1.3. 8  Sign  the  calibration  data  sheets  and  place  them 
into  a  safe,  permanent  file.  This  record  is  the 
Working  Instrument's  Certificate. 

7.0  Instrument  Label 

7.1  Prepare  a  Label  for  the  Instrument  which  will  identify  and  have  room 

for  the  following  data: 

7.1.1  Date  of  the  next  scheduled  Calibration  as  required  in  Table  2 
of  this  Annex  in  order  to  remain  in  Certification. 

7.1.2  Total  Error  of  the  Reference  Standard  used  in  Calibrating  the 
Working  Instrument. 

7.1.3  Calibration  Error  of  the  Workinq  Instrument  as  determined  after 
development  of  a  Mathematical  Model  in  accordance  with  Annex  D. 

7.1.4  Readability  Error  as  determined  in  accordance  with  Annex  E. 


Annex  B 
Draft  #2 
14  April,  10  78 

7.1.5  Working  Instrument  Identification 

7.1.6  Identification  of  the  person  responsible  for  the  Calibration 
of  the  Workinq  Instrument. 

7.2  Enter  the  date  of  the  next  required  calibration  on  the  Label  in  the 
appropriate  elate. 

7.3  Enter  the  Total  Error  of  the  Reference  Standard  on  the  Label  in  the 
appropriate  place. 

7.3.1  If  the  Total  Error  is  stated  in  terms  of  the  Maximum  or  full- 
scale  value,  use  that  value. 

7.3.2  If  the  Total  Error  is  stated  in  terms  of  the  Indicated  Value 
(Reading),  use  a  value  determined  from  that  and  the  full- 
scale  value  of  the  Workinq  Instrument  beinq  calibrated. 

7.4  Affix  the  Label  to  the  Instrument's  Readout  Device  in  a  manner 
which  will  discourage  its  inadvertent  removal  and  /et  will  not 
interfere  w’th  reading. 

8.0  Propose  a  Mathematical  Model  of  the  Working  Instrument  in  accordance  with 
Annex  D. 
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FREQUENCY  OF  CALIBRATION  -  REFERENCE  STANDARDS 

Variable/Type  of  Standard  Frequency  of  Calibration 

TORQUE: 

Strain  Gage . Every  four  years 

Force  and  Distance . Every  five  years 


PRESSURE: 

Master  Guages . 

Dead  Weight  Testers 

Strain  Gage . 

Other  Transducers . . 
Liquid  Manometers.. 


Every  two  years 

Every  ten  years 

Every  two  years 

Every  two  years 

Liquid  properties  every  five 

years  height  every  10  years 


FLOW: 

Positive  Displacement  Reference  Meters . Every  five  years 

Turbine  Reference  Meters . Every  two  years 

Volume  and  Time  Provers . Every  ten  years 

Weight  and  Time  Provers . Every  ten  years 


SPEED: 

Electronic  Digital  Frequency  Meters . Every  year 

Stroboscopes . Each  use 

Reference  Tachometer . Every  two  years 

TEMPERATURE: 

Mercury  in  Glass . Every  five  years 

Thermocouple . Every  year 

Rimetal . Each  Use 

Gas  Filled . Each  Use 


FORCE: 

Dead  Weights . Every  ten  years 

Load  Cells . Every  two  years 

Balance  Scales . Every  year 

DISTANCE: 

Guage  Blocks . Every  ten  years 

Tapes . Every  ten  years 

Micrometers . Every  two  years 

TIME: 

Electronic  Digital  Timers . Every  year 

Chronometers ,  Mechanical . Every  six  months 

Chronometers,  Electro-Mechanical . Every  year 


TABLE  2 

FREQUENCY  OF  CALIBRATION  -  WORKING  INSTRUMENTS 
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Vari able/Type  of  Workinq  Instrument 
TORQUE : 

Strain  Gaqe . 

Cal ibrated  Motor . 

Cradled  Dynometer . 


Frequency  of  Calibration 

. 24  Months 
. . 12  Months 
.10  Months 


PRESSURE: 

All  Types . 12  Months 


FLOW: 

All  Types . 12  Months 


SPEED: 

Mechanical  Tachometers .  6  Months 

DC  Electrical  Genera ters .  6  Months 

Electronical  Dinital  Frequency  Meters .  2  Months 

Other  Types .  6  Months 


TEMPERATURE: 

All  Types . 1?  Months 

FORCE: 

Dead  Weiqhts . 10  Years 

Balance  Scales .  6  Months 

Load  Cells .  6  Months 

Other  Types .  6  Months 


DISTANCl: 

Guaqe  Blocks .  2  Years 

Tapes .  5  Years 

I  Micrometers .  2  Months 

\  TIME: 

All  Types .  2  Months 
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ANNEX  C 

RECOMMENDED  METHOD  FOR  DETERMINING  AN  INSTRUMENT'S  CALIBRATION 
ERROR  THROUGH  DEVELOPMENT  OF  A  SUITABLE  MATHEMATICAL  MODEL 


1.0  Purpose: 

1.1  To  set  forth  the  procedures  for  driving  mathematical  models  of  a 
Working  Instrument  and,  when  applicable,  to  evaluate  effects  of 
Environmental  Factors. 

1.2  To  determine  the  Calibration  Error  of  a  Working  Instrument. 

1.3  To  set  forth  procedures  which  can  be  used  to  bring  an 
instrument's  Calibration  Error  to  apDroach  its  limit  of 
non-repeatability. 

1.4  To  determine  the  value  of  Calibration  Error  to  be  entered  on  the 
Instrument's  Label. 

2.0  Scope: 

2.1  To  include  four  different  models. 

2.2  To  include  methods  of  dealing  with  Environmental  Factors. 

3.0  Definitions: 

3.1  Refer  to  Annex  A. 

3.2  All  terms  used  in  this  Standard  which  are  capitalized  are  defined 
in  Annex  A. 

4.0  General  Procedures 

4.1  Select  a  suitable  Mathematical  Model  from  one  of  the  four  in 
clauses  5.0,  6.0,  7.0  or  8.0  (Note:  The  amount  of  Calibration  Error 
in  most  Instruments  will  depend  upon  the  Model  Selected.  Higher 
order  Models  will  yield  smaller  errors.) 

4.2  Evaluate  the  Model  in  accordance  with  the  appliable  clauses. 

4.3  Enter  the  Calibration  Error,  as  evaluated  in  the  applicable  clause, 
on  the  Instrument's  Label. 

5.0  First  Order  Mathematical  Model 

5.1  A  First  Order  Mathematical  Model  makes  direct  use  of  the  Indicated 
Value  of  a  Readout  Device  without  resorting  to  any  corrections.  The 
Instrument  and  Readout  Device  are  the  model. 

5.2  Evaluate  the  Calibration  Error 

5.2.1  Use  the  Calibration  data  as  recorded  using  Annex  C. 
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5.2.2  Scan  all  data  from  all  five  calibration  trials  and  determine 
the  maximum  deviation  between  the  Indicated  Value  and  the 
Reference  Value  regardless  of  where  in  the  range  the 
maximum  appears.  Enter  this  deviation  as  the  Calibration 
Error  on  the  Instrument's  Label. 


5.3  Implement  the  Model  by  using  as  indicated  on  the  Readout  Device. 


6.0  Second  Order  Mathematical  Model 


6.1  A  Second  Order  Mathematical  Model  assumes  that  the  Indicated  Value 
is  related  to  the  actual  value  of  a  physical  variable  and  any  in¬ 
fluencing  Environmental  Factors  through  a  formula  of  the  form: 


Actual  Value  =  b  + 
o 


^bj*( Indicated  Value)1*  + 

r 


_  j 


where  Ei  is  one  of  n  influencing  Environmental  Factors,  f ( E^ )  is 
the  functional  manner  in  which  E^  affects  the  measurement  of  the 
actual  value  and  a^  is  a  linear  coefficient  which  affects  the  degree 
of  effect. 


6.2  Determine  f ( E^ )  by  any  one  or  combination  of  the  following  methods: 

6.2.1  Use  acceptable  theories. 

6.2.2  Use  empirical  data  as  measured  during  controlled  experiments 
during  Working  Instrument  Calibration. 

6.2.3  Use  manufacturer's  data,  such  as,  for  instance,  zero  shift 
due  to  temperature,  or  span  shift  due  to  viscosity,  etc. 

6.2.4  Ignore  Environmental  Factors  when  they  are  brought  into 
sufficient  agreement  in  the  Measurement  Situation  with  the 
values  that  existed  during  the  Calibration  Situation. 

6.2.5  Ignore  Environmental  Factors  which  are  known  to  have  an 
insignificant  influence  upon  the  Indicated  Value. 

6.3  Evaluate  bQ,  b^  and  a.  using  linear  regression  on  all  data  from  all 
trials  of  calibration  as  conducted  in  Annex  C. 

6.4  Scan  all  data  and  find  the  maximum  absolute  value  of  the  deviation 
between  the  Indicated  Value  and  the  value  predicted  by  the  derived 
mathematical  model  for  each  of  the  Reference  Values  as  used  in  the 
Calibration  of  the  Working  Instrument.  Enter  this  maximum  deviation 
as  the  Calibration  Error  on  the  Instrument's  Label  regardless  where 
in  the  range  the  mcximum  deviation  may  have  ocurred. 
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6.5  Implement  the  Mathematical  Mode1  by  substituting  the  Indicated  Values 
and  values  of  the  Environmental  Factors  measured  during  the 
Measurement  Situation  into  the  ^ormula.  That  result  is  the  estimate 
of  the  actual  value  at  measurement  time.  Its  Calibration  Error  is 
the  amount  recorded  in  clause  6.4. 

7.0  Third  Order  Mathematical  Model 

7.1  A  Third  Order  Mathematical  Model  makes  use  of  a  point-to-point  correction 
under  the  assumption  that  corrections  ere  linear  when  Indicated  Values 
taken  in  the  Measurement  Situation  lie  between  data  points  used 

during  the  Calibration  Situation. 

7.2  Evaluate  the  Calibration  Error. 

7.2.1  For  each  Reference  Value  used  during  Calibration  in  accordance 
with  Annex  C  and  for  each  of  the  five  trials,  calculate  the 
errors  as: 

Reference  Value  -  Indicated  Value 

7.2.2  For  each  Reference  Value,  calculate  the  average  over  the  five 
trials  of  the  errors  found  in  7.2.1. 

7.2.3  Calculate  the  differences  between  the  errors  found  in  7.2.1  and 
the  averages  found  in  7.2.2  for  all  Reference  Values  and  all 
trials . 

7.2.4  Scan  all  values  found  in  7.2.3  and  find  the  maximum  absolute 
value.  Enter  this  as  the  Calibration  Error,  on  the  Instrument's 
Label  regardless  of  where  in  the  range  it  may  have  ocurred. 

7.2.5  Implement  the  Mathematical  Model  by  constructing  a  graph  of  the 
averages  found  in  clause  7.2.2  vs.  the  average  Indicated  Value 
(as  averaged  over  the  five  trials  for  each  Reference  Value. 

Note:  If  the  average  Indicated  Value  deviates  from  its 
corresponding  Reference  Value  by  1%  or  less,  the  Reference  Value 
may  be  substituted  for  the  average  with  minimal  adverse  effect.) 

7.2.5. 1  In  the  Measurement  Situation,  enter  each  Indicated 
Value  into  the  abscissa,  then  add  the  resulting 
ordinate  value  to  the  Indicated  Value  in  order  to 
obtain  the  best  estimate  of  the  actual  value. 

7. 2. 5. 2  Assume  linear  interpolation  between  discreet  data 
entries . 

7. 2. 5. 3  Take  Environmental  Factors  into  account  by:  A.  An 
alternate  mathematical  model  which  includes  their 
effects.  B.  Using  instruments  which  have  insignificant 
influence  by  Environmental  Factors.  C.  Controlling 
Environmental  Factors  during  the  Measurement  Situation 
to  be  in  significant  agreement  with  their  values 
during  calibration. 


I 
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8.0  Fourth  Order  Mathematical  Model 

8.1  A  Fourth  Order  Matbematica  Model  accomodates  complex  mathematical 
functions  which  relate  the  actual  value  to  the  Indicated  Value  and 
any  influencing  Environmental  Factors.  It  has  no  specific  general 
form. 

8.2  Determine  the  general  form  of  the  mathematical  relationship  using 
any  one  or  combination  of  the  following  means. 

8.2.1  Use  accepted  theories. 

8.2.2  Use  empirical  data  as  determined  during  controlled  experiments 
on  the  instrument. 

8.2.3  Use  manufacturer's  data,  such  as,  for  instance,  zero  shift 
due  to  temperature,  or  span  shift  due  to  viscosity,  etc. 

8.2.4  Ignore  Environmental  Factors  when  they  are  brought  into 
sufficient  agreement  in  the  Measurement  Situation  with  the 
values  that  existed  during  the  Calibration  Situation. 

8.2.5  Ignore  Environmental  Factors  which  are  known  to  have  an 
insignificant  influence  upon  the  Indicated  Value. 

8.3  Evaluate  the  coefficients  in  the  Mathematical  Mode  using  least 
squares  fitting  methods  applied  to  all  data  taken  from  calibration 
in  accordance  with  Annex  C. 

8.4  Scan  all  data  and  find  the  maximum  absolute  value  of  the  deviation 
between  the  Indicated  Value  and  the  value  predicted  by  the  derived 
mathematical  model  for  each  of  the  Reference  Values  as  used  in  the 
Calibration  of  the  Working  Instrument.  Enter  this  maximum  deviation 
as  the  Calibration  Error  on  the  Instrument's  Label  regardless  where 
in  the  range  the  maximum  deviation  may  have  ocurred. 

8.5  Implement  the  Mathematical  Model  by  substituting  the  Indicated  Values 
and  values  of  the  Environmental  Factors  measured  during  the 
Measurement  Situation  into  the  formula.  That  result  is  the  estimate 
of  the  actual  value  at  measurement  time.  Its  Calibration  Error  is 
the  amount  recorded  in  clause  6.4. 
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ANNEX  D 

RECOMMEND  PROCEDURE  FOR  EVALUATING  READABILITY 
ERROR  OF  READOUT  DEVICES  USED  IN  FL'  j  U  POWER  TESTING 


1.0  Purpose:  To  set  forth  the  procedure  for  determining  the  amount  of  error 

contributed  because  of  the  inability  to  assign  an  unlimited  number  of  digits 
to  the  indicated  value  of  a  measured  quantity. 

2.0  Scope: 

2.1  Includes  both  analog  and  digital  Readout  Devices. 

3.0  Evaluation  of  Readability  Error  Factor. 

3.1  Analog  Readout  Devices 

3.1.1  The  Readability  Error  (RE)  for  a  Readout  Device 

equipped  with  a  pointer  shall  be  calculated  using: 

Value  of  the  Smallest  Scale  Division 
RE - [RF1  x  RF2  TTJS] - 

Where  RF1  and  RF2  are  determined  from  properties  of  the  Readout 
Device  as  follows: 

3. 1.1.1  The  Readout  Device  shall  be  equipped  with  a 
parallax  error  minimizing  feature. 

3. 1.1. 2  Determine  within  10%,  the  width  of  the  smallest 
scale  division  in  mm  (W) 

Calculate  RF^  with  the  formula: 

RF1  ■  3(1  -  e  °-5  -  1-lW)  W  >_  0.5  mm 
RF-j  =  0.0  W  <  0.5  mm 

3. 1.1. 3  Estimate  the  width  of  the  pointer  to  the 
nearest  0.25  mm  in  the  region  on  the  pointer 
where  the  reading  is  interpreted.  Divide 

the  width  of  the  smallest  scale  division  found 
In  3. 1.2. 2  by  the  pointer  width  to  form  the  ratio,  a. 

Calculate  RF2  with  the  formula: 

RF2  *  1  -  E0.6(l-a)  a  >  i.o 

RFg  =0  a  <  1 .0 
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3. 1.1. 4  Calculate  the  Readability  Error  for  the 
Readout  Device  with  the  Formula: 

nr  _  Value  of  the  Smallest  Scale  Division 

RE - krpnnj] - 

3.1.2  The  overall  Readability  Factor  for  a  Readout  Device  having 

a  moving  column,  such  as  Is  the  case  with  a  liquid  manometer, 
shall  be  calculated  using: 

DC  _  2x  Value  of  the  Smallest  Scale  Division 

re  RFj  +  2.0 

Where  RF1  is  determined  as  In  clause  3. 1.1. 2 
3.2  Digital  Readout  Devices 

3.2.1  The  Readability  Error  shall  be  calculated  using  the 
formula: 

RE  a  Smallest  Change  In  the  Least  Significant  Digit 

3. 2. 1.1  Take  Into  account  the  fact  that  by  design,  the 
least  significant  digit  In  some  Digital  Readout 
Devices  does  not  have  10  discreet  integer  levels. 

Use  the  value  of  the  smallest  Integer  change 
possible  for  the  particular  readout. 


4.0  Readout  Device  Labels 

4.1  Enter  the  overall  Readability  Error,  as  determined  In  clause 
3. 1.1. 3,  3.1.2  or  clause  3.1.1,  Into  the  Readout  Device's  Label. 
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appendix  c 

INSTRUMENTATION 

BREAK-IN  AND  POWER  CONVERSION  TEST 
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INSTRUMENTATION 


The  instrumentation,  calibration  methods  and  procedures  used  in  this  contract, 
can  be  referenced  to  Part  2,  of  report  number  50560,  contract  DAAK70-77-C-0214, 
dated  November  12,  1979.  The  traceabi 1 i ty  statement  for  measurement  of  flow, 
pressure,  and  temperature  are  also  found  in  Part  2  of  the  above  mentioned  report. 
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TEST  INSTRUMENTATION 


Data  Acquisition  System  (DAS)  and  Supporting  Instrumentation. 

DAS  is  mounted  in  black  cabinet  with  all  connections  in  front.  Torque 
shaft  amplifier,  Pace  and  Viatran  pressure  transducer  power  supplies 
and  frequency  counter  used  to  monitor  test  pump  RPM.  Also  shown  are 
two  frequency  to  voltage  converters,  and  control  box  for  150  HP  supply. 


APPENDIX  D 
CIRCUIT  SCHEMATICS 
BREAK-IN  AND  POWER  CONVERSION  TEST 
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APPENDIX  E 

TEST  SET-UP  PHOTOGRAPHS 
BREAK-IN  AND  POWER  CONVERSION  TEST 
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HYDRAULIC  POWER  SUPPLY 
FPI  150  HP  Variable  Volume  Hydraulic  Supply 


Shown  is  reservoir,  control  panel,  electric  drive  motor,  variable 
displacement  hydraulic  pump  and  electric  servo  control  on  top  of 
pump.  This  system  was  used  along  with  a  hyraulic  motor  to  drive 
the  test  pump. 
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FLUID  CONDITIONING  SYSTEM 


Fluid  conditioning  system  consisting 
of  reservoir  with  conically  shaped 
bottom,  filter  strainer,  heat 
exchanger,  and  electric  heater. 


Plumbing  and  various  valves  used 
to  control  the  direction  of  flow 
in  the  system.  In  lower  right 
hand  corner  is  a  centrifugal  pump 
used  to  supercharge  the  test  pump 
and  move  fluid  throught  the 
conditioning  circuit. 


f-. 
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TEST  CIRCUIT  AND  COMPONENTS 


'C-- 


Test  bed  showing  hydraulic  drive  motor  on  right,  torque  shaft 
in  center  used  to  measure  input  torque,  and  test  pump  on  left 
showing  various  transducers  and  thermocouples. 
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In  lower  left  hand  corner 
is  solenoid  controlled  relief 
valve  used  to  load  test  pump. 

The  turbine  flow  meter  can  be 
seen  in  left  center  of  photograph 
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APPENDIX  F 

CYCLIC  BREAK- IN  DATA 
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CVCLIC  BREAK- IN  TEST  DATA 
FOR  PUMP  NUMBER  Ml 348 

M1348CB 


Tiff 

«in 

MFF  PKFSS 

WH 

TFff<F) 

PF1D 

B.B0 

174.90 

701.15 

1,50 

175.10 

747.97 

3.00 

174.50 

1406.54 

4.6* 

179.70 

7739.25 

6.03 

137.30 

7993.5B 

TOT) 

TffttF 

flW  new 

KFH 

IfHB 

GPH 

7690.00 

190.70 

7J.17 

7664.00 

4J7.PB 

70.66. 

76.16.00 

767.70 

70.16. 

7566..  00 

J 100. 70 

19.63 

7512.00 

1450.70 

10.9? 

CMFR  PL1 

un  FFF 

ffCH  FFF 

FFFtt) 

(*) 

C/.) 

61.34 

90.07 

67.54 

75.95 

95.7J 

79.35 

00.34 

93.47 

05.9P 

01.04 

90.% 

09.06: 

79.56. 

07.89 

90.51 
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CVCLIC  BRERK-IN  TEST  DflTft 
FOR  PUMP  HUMBER  Ml 349 

M1349CB 


Tiff 

cun  FT 

PJFF  PRftf 

MIH 

TFTP(F) 

PSID 

aw 

\74M 

790.45 

as3 

J24.W 

739.30 

?.4f* 

J7f..W 

J5BI.J9 

4.7? 

131. TP 

723P.60 

0.73 

179.  W 

3PW.77 

tWTP 

TTCMF 

ff>j  new 

RPtl 

HHP 

fftl 

2090.W 

7HM 

71,79 

M7M 

410.40 

70.93 

?w9.w 

775.20 

20.3B 

1JW.20 

19.69 

tsjp.w 

1435.00 

19.73 

CMFR  fill 

W  FTF 

IfTH  FFF 

FFFCX) 

(X) 

(X) 

61.35 

9R.M 

W.16 

75.57 

96.99 

77. 9  J 

W.6J 

94.48 

f?.37 

BJ.55 

91.23 

P9.3P 

W.9P 

W.  J0 

90.07 

/o$ 


C7CLIC  BREAK-IN  TEST  DATA 
FOR  PUMP  NUMBER  Ml 358 

M1358CB 


tut 

amrr 

DIFF  PRF5S 

5PFFP 

TCRQIF 

«>j  new 

OUFR  fill 

un  FFF 

HJH 

TFMP(F) 

PSJD 

RPH 

IH-tP 

GPU 

FFFtt) 

<?:) 

P.88 

116.88 

J97.88 

2768.66 

165.46 

76.65 

58.  98 

98.(6 

?.43 

1 77.88 

737.67 

7666.88 

413.86 

78.29 

73.89 

94.88 

€-  47 

J?8.68 

1474.67 

2679.88 

757.48 

J9.8R 

78.75 

91.17 

J8.85 

175.88 

7735.77 

7586.88 

1169.26 

19.88 

78.7? 

88.83 

15.  83 

133.46 

7979.71 

7538.88 

1447.86 

18.  JR 

78.4? 

84.?? 

toq 
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CYCLIC  BREAK- IN  TEST  DATA 
FOR  PUMP  HUMBER  Ml 351 

Ml 35 1CB 


TIME 

Cim  FT 

DJFF  PRFfc. 

TTTT> 

TCfifUF 

aw  now 

fMT  m 

•JCI  FFF 

ITCH  FIT 

HJN 

mp(F) 

PSID 

RFfl 

IH-LP 

GPU 

FFFtt) 

<w 

GO 

8.88 

i)8.«» 

P94.0I 

7783.88 

289.28 

71.87 

G8.48 

97.  f8 

f.J.% 

e.48 

128.78 

778.87 

7871.88 

487,68 

78.85 

75..  45 

95.67 

78,85 

3,7f! 

JTf.,18 

1493.97 

7f.28.88 

757,88 

78.88 

81.  If. 

9?.f5 

87,58 

4.38 

7744.88 

7574.88 

3888.88 

J9.5? 

87.73 

98,4) 

98,93 

6.78 

131.88 

388?.f3 

7527.88 

1434.78 

18.85 

88,f8 

87.31 

97.38 

•9 


CYCLIC  BREAK -IH  TEST  DATA 
FOR  PUMP  HUMBER  Ml 352 

M1352CB 


TIHF 

am  ft 

DIFF  UTSS 

5FFFT) 

TCRfAF 

«)j  n  cu 

fMFF:  fill 

UCt  FFF 

rroi  fff 

HIM 

TFMP(F) 

pF.m 

RPfl 

JH-lf: 

GPM 

FFFtt) 

<>;) 

<:;) 

8.88 

J  18.88 

707.7C. 

2?aa.aa 

70F..40 

71.31 

fa.w 

98.74 

61 .36. 

8.67 

175.1(4 

743. If 

7«T.ap 

415.40 

?a.9a 

76.48 

96.83 

70.07 

1.88 

176.58 

1482.6? 

7F.J9.00 

757.68 

78.39 

81.3? 

94.46. 

0T..70 

3.37 

177.90 

2738,47 

;«8.w 

1JM.48 

19.8? 

87.88 

91.83 

89. 36. 

4,?a 

138.70 

7984.48 

7571 .00 

1444.48 

J9.7F. 

81.29 

09.73 

PJ  .ftp 

/// 
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CVCLIC:  BREAK- 1 H  TEST  DATA 
FDR  PUMP  NUMBER  Ml 353 

M1353CB 


TIHF 

cutlet 

PJFF  PRESS 

FPTFT) 

TCRQLF 

aw  nni 

COT  HI 

un  FFF 

ITCH  FFF 

m 

TFH>(F) 

Pf.ID 

RPfl 

IH-1F; 

(f« 

FFF(S) 

tt) 

(7.) 

(*.» 

law 

79J. 97 

7787.  W 

26*1.46! 1 

21.41 

M.99 

99.17 

6.1.57 

64.464 

171,99 

757.13 

26.71.99 

417. ?e 

29.97 

76- 99 

97.14 

79.39 

1.33 

174.19 

J4W.31 

2622.09 

767.99 

29.37 

69.99 

94,  J4 

95.99 

7.5? 

1761.39 

2234.51 

7577. » 

16*94.69 

19.49 

M.7? 

99.74 

99.99 

3.1? 

179. IB 

7m.w 

7529.99 

1449.99 

19.98 

99.99 

97.47 

91.53 

TIME 

gutift 

PUT  PRESS 

£FfH) 

TCftftf 

ff-j  new 

OUFK  HI 

UN  FFF 

MTU  FFF 

MIH 

TFIf<F) 

PSJf> 

RFTt 

JH-LP. 

cm 

FFF<7.) 

a.) 

<*/.) 

0.00 

171,90 

366.01 

7615.00 

207.60 

33.5) 

60.75 

101.77 

65.41 

1.55 

116.90 

736.61 

7777.0P 

466.00 

32.94 

76.90 

99.53 

79.76. 

3.43 

174.60 

1460.6? 

7717.00 

745.601 

37.1) 

63.75 

97.05 

06,76 

6.07 

177.30 

7739.50 

2675.00 

1091.00 

3J.J5 

63.% 

94.1? 

69,19 

10.00 

137.70 

3077.09 

2630.00 

1449.60 

79.67 

61.77 

90.75: 

90.56 
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CYCLIC.  BREAK- IN  TEST  DATA 
FOR  PUMP  NUMBER  M2356 

M2356CB 


TIMF 

am  ft 

MFF  PRESS 

FPEFP 

TffttF 

HW  new 

OUFR  PI  l 

un  FFF 

NFfft  FTF 

HIM 

TFflPff) 

PSJft 

m 

JH-IP 

cm 

FFFOJ) 

«) 

c,) 

p.w 

J75.7P 

m.% 

m..m 

1T4.# 

34.75 

6ft.  77 

1 PP.  79 

64.37 

7.7P 

1J9.W 

753.7ft 

776ft.  W 

#7. 7ft 

33.58 

ft).  * 

IP),  47 

W.37 

5. 77 

J79.1B 

1483.96 

7713. n 

753.7ft 

37.64 

94.44 

9P.63 

65.6ft 

aw 

174.# 

7*1.43 

*53.  W 

ll?ft,4ft 

31.76. 

94,19 

95,9ft 

P7.7P 

JJ.ftft 

J79.3B 

3B36.1? 

7588.  W 

1494.6ft 

7ft. ftp 

97.16 

97..  P7 

6*.  76- 

CYCLIC  BREHK- IN  TEST  DATA 
FOR  PUMP  NUMBER  M2357 


the 

CUTLF7 

DIFF  PRESS 

m 

TDf(F) 

FSID 

0.00 

173.96 

109.14 

2.38 

J27.70 

760.% 

5.65 

123.60 

1470.73 

13.8? 

131.JP 

2246..  45 

19.13 

130.5P 

30M.04 

SPEED 

TttftF 

aw  nw 

RFH 

I  (Hi: 

SFM 

2005.00 

100.00 

33.94 

2745.00 

443.8B 

34.00 

2608.00 

785.40 

32.41 

26*6.00 

J 131.00 

3J.34 

2576..  00 

1505.80 

30.73 

0UFR  ni 

UC1  FFF 

NTH  FTF 

FFF<5j> 

O) 

O.) 

46.83 

102.56. 

45.66 

76.55 

102.74 

74.50 

80.J3 

97.94 

81.88 

8J.75 

94.71 

86..  38 

81.78 

92.86. 

88.65 

//(* 
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CVCLIC  BREAK- IN  TEST  DATA 
FOR  PUMP  NUMBER  M235S 


Tiff 

CidlFT 

DIF  PFSS 

HIM 

TRF(F) 

FID 

0.00 

124.9P 

315.57 

1.77 

120.58 

738.1) 

4.58 

124.40 

148:7.58 

7.33 

173.00 

2233.75 

18.98 

127.40 

2988.90 

SPEED 

TCRGUF 

HU  a* 

m 

JN-L8 

CPU 

2884.00 

198.40 

33.58 

2775.00 

394.* 

33.  J  7 

2728.00 

737.08 

32.20 

2884.08 

1004.88 

31.21 

2837.00 

1428..08 

30.09 

CCER  Hi 

>jn  nr 

ffffM  FF 

ma) 

«) 

O'.) 

70.10 

181.42 

89,10 

81.25- 

100.07 

81.!  8: 

85.38. 

97.3) 

87.70 

8*4.40 

94.3? 

88.47 

82.78 

90.94 

9!. 01 
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CYCLIC  BRERK-IN  TEST  DRTft 
FOR  PUMP  NUMBER  M2359 


TIHF 

cun  FT 

DJFF  FRFf-S 

HIM 

TFIT(F) 

Pf.JD 

b.66 

177.16 

748.69 

1.83 

jis.sb 

746.74 

6.53 

J2f4.ee 

1496.36 

J6.1? 

174.36 

7777.9? 

J6.7? 

178.76 

7994.35 

SPEED 

TCKRF 

fiDJ  ncy 

RPfl 

IN-)  B 

(PH 

76)7.66 

)73.46 

33.6.7 

77(5.66 

466.66 

33.18 

77)7.66 

747.66 

37.36 

7659.66 

1665.86 

31.5? 

76-19.66 

1434.66 

36.33 

OWFR  fll 

UO  FFF 

NTH  FFF 

FFFOO 

«) 

(50 

6-7.74 

J6J.74 

6.1.64. 

86.47 

J66.76. 

86.75 

64.74 

97.64 

66-59 

64.93 

95.75 

89.15 

63.J) 

91.64 

96.6-6 

/// 


CVCLIC  BREAK- I H  TEST  DATA 
FOR  PUMP  HUMBER  M2366 

M2360CB 


TIK  (VHFT  DIFF  WES  SPFFD  TORQUE  H>J  A  CM  OUFR  HI  UH  FIT  WCK  FTT 
HIM  TFMP(F)  FSID  RFt)  JN-Lf:  GPU  FFFtt)  Co  tt> 

0.W  120.40  715.;'?  2803.00  isi.ee  33.0?  02.70  101. *  «.«: 
2.«  122.50  702.94  2745.00  4)7.00  32.37  70.43  97.70  ».?f. 
9.73  127.40  1497.59  2072.00  759.80  30.85  79,08  93.22  ff.44 
12.33  133.50  2252.28  2024.88  1117.40  79.70  70.70  89.9?  87.58 
10.»  134.90  3038.86  2582.08  1471.80  28.48  77.05  80.88  89.58 


//<? 
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CVCLIC  BREFK-IN  TEST  DRTR 
FOR  PUMP  HUMBER  M2361 


TI«F 

(MIFF 

PIFF  FRF.^. 

niH 

TW<F) 

PSID 

8.80 

J78.88 

715.3? 

J.78 

114.88 

787.77 

f..  73 

138.78 

J4tf.J3 

8.83 

133,78 

7238.77 

14.73 

138.48 

7974.8? 

.9TFT) 

TCRftE 

AM  F1W 

RFtl 

imp 

mi 

7797.88 

149.88 

34.7? 

7745.88 

421.88 

33.71 

7*98.88 

749.88 

31. 81 

7628.88 

IJB7.4B 

38.79 

756*.  88 

1438.88 

78.85 

KJFR  HI 

un  FIT 

IfTOFTF 

FFF(» 

tt) 

C/.) 

M.  94 

J83.48 

*7,79 

79.49 

188.3? 

79.19 

81,77 

9f..J7 

85.85 

88.48 

91 .54 

87,8? 

77.81 

87,  J8 

88.37 

/<*€> 


C VC L I C  BREAK- I H  TEST  DATA 
FOR  PUMP  NUMBER  M3362 

M3362CB 


Tift 

CUTIET 

01FF  PRESS 

5JTTT) 

TOROHE 

foj  now 

CM*  (U 

Ufl  FFF 

HIM 

TFJF<F) 

PSIO 

Rftt 

IH-LB 

6PM 

FFTCi) 

a) 

0.00 

117.26 

176.1? 

1604.00 

175.261 

22.72' 

57. 7f: 

97.92 

2.06 

126.26 

616.90 

1769.00 

757.66 

71.66 

76-.  07 

91.72 

6.26 

126.20 

1229.10 

1720.00 

(66.00 

21.  06 

79.72 

6B.63 

10.42 

122.56 

1849.X. 

1675.00 

995.66 

20.54 

77.96 

66..  46 

IS.  47 

127.70 

2510.1? 

1677.06 

1726.06 

19.96 

77.26 

64.00 

CYCLIC  BREAK- IN  TEST  DATA 
FOR  PUMP  HUMBER  M3363 


THf 

«mrr 

DIPT  PRESS 

MIN 

TEJF(F) 

PSID 

0.00 

12J.F0 

224.77 

3.(8 

172.10 

m.77 

(.55 

128.00 

J73(.99 

ie.38 

127.70 

JfCT.J0 

14.48 

125.  J0 

2491.97 

TOT 

tcmf 

«>J  FICU 

RPM 

IHHB 

GFtt 

1808.00 

173.80 

22.81 

1743.W 

3(6.00 

77.% 

1(41.00 

(81.80 

?!.(■) 

1(93. « 

994.00 

21.30 

1(48.00 

1317.(0 

28.83 

(*JER  ftl 

un  FFF 

tfr«  rrr 

FFFtt) 

(V.) 

m 

(8.27 

95.99 

(7.78 

7T*.?7 

94.07 

80.48 

80.09 

98.93 

88.07 

81.39 

89.(3 

98.79 

80.47 

87,(3 

91.81 

4 
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CYCLIC  BREAK-IN  TEST  DAT  ft 
FOR  PUMP  NUMBER  M3364 

M3364CB 


TI1F 

(WTIFT 

DJFF  POE SR 

FPFFD 

TCfcttF 

HU  mu 

CUFF  HI. 

UCI  FFF 

NTH  FFF 

WH 

TFtfCF) 

PSJD 

Rffl 

JH-18 

CFtl 

fPF(7.) 

0.) 

'•4/ 

0.00 

122.78 

223.40 

1789.00 

157.06 

23.03. 

88,95 

98..  91 

89.07 

0.90 

120.10 

829.52 

1745.80 

375.80 

22,39 

78. 8J 

94.19 

81.37 

2.65 

124.20 

1252.17 

1883.00 

0.99.00 

21.84 

79.93 

91.90 

ft'-,  98. 

5.83 

128.20 

1879.38 

1847.00 

1020.00 

21.19 

79.72 

89.17 

89.3.8 

7.82 

J78.9R 

2523.45 

1883.00 

135e.£0 

20.0.1 

78.28 

88.,  74 

98.15 

/<*?  J 


CVCLIC  BRERK-IN  TEST  DftTB 
FOR  PL1MP  HUMBER  M3365 

M3365CB 


TIME 

tirriFr 

DIPT  PRFSS 

KIM 

TFflP(F) 

PSJD 

127.40 

2JJ.63 

2.45 

176.58 

600.79 

6.16 

111.10 

1248.85 

10.38 

123.70 

1854.30 

13.97 

137.10 

2494,62 

9TO 

TORQUE: 

ftj  flcw 

RfH 

JN-Lf: 

(Ftt 

1804.80 

172.40 

23.20 

1773.80 

383.® 

22.65 

1716.88 

760.80 

71. ff 

1669.88 

1072.08 

71.61 

1622.88 

1428.60 

20.86 

OtlERflLl 

Uf(  fFF 

ITCH  FFF 

FFFtt) 

on 

C/.) 

58.17 

97.6) 

59.59 

77.36. 

95.79 

75.92' 

73,37 

92,17 

79.63. 

76..  35 

90.92' 

83.9? 

74.41 

87.77 

84.76 

CVCLIC  BREAK- IN  TEST  DATA 
FOR  PUMP  NUMBER  M3366 

M3366CB 


TINE 

rttTLET 

DIET  PRESS 

SPEED 

TORQtF 

WJ  ficu 

CMEE:  Hi 

un  FFF 

MIN 

TEW) 

PSJD 

RPM 

IN-IP. 

CPH 

FFT67.) 

tt) 

0.00 

122.80 

241. fit. 

1806.00 

175.00 

23.28 

65.51 

97.95 

1.68 

127.60 

620.00 

17?5.00 

360.08 

22.65 

79.08 

96. 15 

7.  IT. 

124.40 

1219.50 

1720.00 

608.28 

22.70 

80.35. 

93..  40 

9.53 

125.58 

J871.35 

1674.00 

10)8.40 

2). 6P 

81.38 

91.22 

14.53 

134.30 

2494.54 

1657.00 

1350.80 

21.29 

80.3) 

89.58 

/dS' 


CVCLIC  BREAK- I H  TEST  DATA 
FOR  PUMP  HUMBER  M3367 

M3367CB 


TJNF 

«inn 

DJFF  FW39 

9TTT) 

TrtMlF 

fw  fiw 

wre  HI 

Wl  FIT 

Ifni  rrr 

HJH 

TFtP<F) 

F5ID 

m 

Iff!  Ft 

cm 

rFTOO 

00 

00 

B.W 

176. 7B 

187.76 

iWH.ee 

146.46 

73.?? 

39.38 

96.88 

C8.38 

J.B? 

J74.66 

614.34 

1771. 66 

373.4® 

77.  f4 

76.  W 

93.74 

79.86 

4? 

12B3.7B 

1776.66 

C«t.68 

71.5ft 

86.9? 

97.36 

67.47 

13.77 

131. C6 

1875.43 

Jtfl.BB 

1W9.78 

7J.7? 

86.56 

69,79 

96.7! 

16.36 

133.76 

7478.63 

JC.J5.BB 

1319.4® 

76.91 

SB.  7? 

67.97 

9J.17 

/JiC. 


CYCLIC  break- in  test  data 
for  PUMP  HUMBER  M3368 


TNf  anirr  wff  press 
m  IW'(F)  FS10 

0.88  173.88  21c..  IS 

1.73  119.48  S88.5* 

4.8?  173.58  1*3.5? 

7.45  177.58  1«?.S? 

». »  178.88  2«5.74 


TCffllF  «>j  n  w 

RPH  IMAP  GP« 

18M.W  158.48  7?.74 

1778.88  384.88  77.18 

1735'.  88  853.  f8  71,  ft 

If 97. 88  1818.F8  71 

JS54.88  1331.48  78.37 


cue  ALL 

UN  FFF 

IFOI  TFT 

FFFtt) 

0.) 

(*;  i 

63.39 

95'.  f 7 

ff  .74 

75..  74 

93.3? 

81.15 

79.3? 

91. 13 

87.83 

78..  84 

88.99 

».9P 

77.  ff 

95'.  78 

98.  S3 

1 


APPENDIX  G 
THREE  HOUR  RUN  DATA 


THREE  HOUR  PERFORMANCE  TEST 
PUMP  HUMBER  Ml 348  RUN  AT  RATED  PRESSURE  AND  SPEED 

M13483H 


Tiff 

rtIFIFT 

D1FF  PRFSS 

TffCHF 

9FPFD 

now 

fMTftl 

FFF 

if  63!  rrr 

MIN 

TRP<F) 

F510 

JIH  P 

FTfl 

GFtl 

FTT  (5j) 

(V.) 

\  \  ! 

ft M 

133.6ft 

3812, J? 

146. 1. 6ft 

27)3,88 

7ft.  71 

fft.  If: 

6ft:.  74 

•>,;5 

4.93 

137,7ft 

388) .82 

1461. 6ft 

7715.6ft 

76:,57 

79.4? 

ft?.  76. 

''O'. 

9,9o 

132.7ft 

26*92.537 

1465.6ft 

7776..  6ft 

76:.  08 

79.75 

62.4'' 

9vt4 

14.93 

137.4ft 

7997.66. 

146.1.6ft 

?76ft,6ft 

Tft.161 

78.4ft. 

C*  7<J 

19.9ft 

r.  5ft 

7981.9? 

1456.7ft 

7669.  fft 

77,6ft 

77.5ft 

rf  rry 

■ft.;?: 

74.9? 

»3?.6ft 

7983.85 

)454.7ft 

7766.6ft 

77.7) 

77.75- 

65,41 

96.43 

79.9? 

137.6ft 

7996:.  8) 

145ft.  6ft 

2766..  ftp 

77.54 

77.37 

64.6ft: 

Ci  ♦ .« 

34.97 

137..  1ft 

3887.46- 

1459.4ft 

2722.88 

77.65 

76-.  9? 

64.7) 

Cft«  Cjr 

39.93 

133.4ft 

T996..65 

1459,6ft 

2731.88 

77.77 

76..  76. 

64.6ft 

64s,  r: 

44.97 

134,7ft 

3887.29 

1454.6ft 

773.9.  ftft 

77.73. 

76-.  95. 

64.4? 

91.13 

49.93 

133.9ft 

3ftft!  ,6!? 

1455.1ft 

76.91 ,6ft 

?7.3ft 

77.1? 

ft4.79 

96.94 

f4.93 

133.5ft 

3ftft?,68 

1455.7ft 

76.79. 6ft 

77.5ft 

76:.  13 

65.64 

91,69 

59.93 

134.3ft 

3ftft3.4ft 

146ft,  4ft 

77ft?.  fft 

77,9? 

77.57 

fft..  ft  J 

%.r, 

64.  97 

134.6ft 

3fft9.84 

1461.6ft 

2788,88 

77.9) 

76:.  75- 

fft..  19 

60.27 

69.9? 

135.6ft 

38)4.63 

1466.4ft 

7717,6ft 

Tft.fft 

76:,?) 

6ft..  'A- 

9ft,  u’ 

74.97 

)3f..7ft 

38)2.89 

1459.6ft 

7777.  ftft 

76!,  ft? 

76:.  ft9 

65.63 

'6.  J*'. 

79,93 

136..  4ft 

38)8.68 

1465.4ft 

7733.6ft 

76:.  19 

76:.  83 

fft.,  ft? 

96.76 

P4. 93 

136..  6ft 

3886..  36. 

1465.ftft 

777ft.  66 

79.79 

77.95 

6ft..  15 

98  47 

89.9? 

135.6ft 

38)8.83 

1464.4ft 

273ft.  6ft 

7ft.  16. 

76:.  1ft 

fft..  63 

. 

94.9? 

135.6ft 

3ft)  6..  18 

1467.4ft 

777). ftp 

7ft.  J? 

76:.  69 

fft,.)? 

96.  h? 

99.97 

135,40 

3817.9) 

1465.4ft 

27)2.88 

77.9? 

77.96: 

fft,.  ft? 

96.64 

lft4.93 

136-ftft 

3ftl  1.6ft 

1468.68 

7713.6ft 

77. '94 

7ft.  69 

f5.96( 

189.93 

136..  6ft 

3884.2) 

1465.6ft 

2774.6ft 

76:,  If: 

77.97 

6ft..  77 

AT  77 

114.93. 

136..  ftft 

36115.37 

1465,7ft 

7735.6ft 

7f:.fi3. 

77.54 

65.45 

‘-8,73 

119.97 

J  36.,  9ft 

3814.67 

1457,6ft 

2741.88 

7ft,  3) 

7ft.  59 

fft..  14 

9! , 

174.93 

136.6ft 

3888.47 

1466.6ft 

2713.88 

?7.% 

77.75 

65.93 

9T47 

179.93 

135.7ft 

38)2.69 

1465.7ft 

7765.6ft 

77.91 

78.83 

fft..  6(6. 

9ft,  65 

134,93 

135.3ft 

3PP3..77 

1459.4ft 

26.92.88 

77.74 

7T  qo 

65..  9? 

97.74 

139,93 

134.7ft 

3882. 33 

146.7.7ft 

7662.6ft 

77.6.) 

77.73 

65.6ft. 

'■ftt.5? 

144.93 

135,4ft 

3ft)  7. 4ft 

1457.6ft 

7665. 6ft 

77.6.J 

76:.  19 

65.76, 

i-.t  (f 

149.9? 

13ft.  7P 

3883.58 

146ft.  6ft 

?6.96J,6ft 

77,71 

77.64 

65,6.3 

9s,  ift. 

154.9? 

176. 6ft 

3ftf5.ft4 

1466.7ft 

7766,.  6ft 

27.98 

77.76i 

65.  '96: 

9T7ft 

159.9? 

134.3ft 

3885.56- 

146.1.6ft 

27)2.88 

7ft,  fft 

7ft.  65 

fft..  69 

96.64 

164,93 

133.5ft 

3Pft?,ftft 

146ft.  fft 

77619, 6ft 

77.69 

77.9? 

65.65 

99.75, 

169.93 

133.4ft 

3ftft3.?3 

1462.6ft 

76.96:.  fft 

77.76. 

77,6ft: 

65.fi) 

96.5! 

174.93 

133.7ft 

3883.37 

1466.6ft 

76.65.  (ft 

77,761 

77. 6f: 

6ft..  63 

96.9: 

THE  AUERAGE  FLOW  IS:  27.9403  GF-'M 
THE  AUERAGE  SPEED  IS:  2710.06  PPM 
THE  AUERAGE  TORQUE  IS:  1461.25  IN-LB 


Sal  9 


THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M134S 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  3005.61  PSID 


THE  STANDARD  DEVIATION  OF  THE: 

MEASURED  FLOW  IS:  .302472  GPM 
MEASURED  SPEED  IS:  45.0518  RPM 
MEASURED  TORQUE  IS:  11.6271  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  21.7564  PSID 


THE  MAX.  OVERALL  EFFICIENCY  IS:  80.1833 
THE  MIN.  OVERALL  EFFICIENCV  IS:  76.7614 
THE  AUERAGE  OVERALL  EFFICIENCY  IS:  77.9532 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  88.241 
THE  MIN.  VOLUMETRIC  EFFICIENCY  IS:  84.4226 
THE  AVERAGE  VOLUMETRIC  EFFICIENCY  IS:  85.952 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  91.2238 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  90.1712 
THE  AVERAGE  MECHANICAL  EFFICIENCY  IS:  90.6795 


/JO 


THREE 

HOUR 

PERFORMRHCE  TEST 

PUMP  HUMBER  Ml 349 

RIJH 

RT  RftTED 

PRE 

iSSURE 

HNL>  speed 

M13493H 

«mrr 

DIPT  mss 

TrcaF 

TfFD 

n  f« 

wjfrh  i 

UCI  FFF 

If  CM  FTT 

Tnf><F) 

fsh> 

in  i  f. 

m 

GPM 

FfT  <X> 

(>.) 

(V,) 

J34.30 

2968.49 

1440.40 

26%.% 

29.% 

01.26. 

09.92 

90,36- 

134,% 

2997.94 

J  456-.  00 

2663.P0 

%.92 

01.60 

09.07 

60.77 

J3T..  IB 

2991.46. 

1446. 40 

2673.00 

20.74 

0.J.76 

09.66 

81,16: 

131.60 

306-1.36. 

1493.60 

2707..% 

29.14 

01.24 

09.96 

90.36 

J3I.60 

2995.00 

1452.60 

270J.% 

29.06. 

01.56. 

69.7) 

90.90 

J3?.% 

2993.54 

1457.2B 

2710.% 

29.% 

641.03 

60.23 

90.57 

132.% 

2991.72 

1452.60 

2709.% 

20.0? 

%.55 

6f..70 

90.60 

132.% 

2998.4B 

1453.% 

2703.% 

20.64 

%,40 

60.37 

90.96. 

132.60 

2992.03 

1446:.% 

2609.% 

20.23 

79.75- 

07.55- 

93.07 

132.50 

2989.6.2 

1446- 40 

2670.% 

20.0? 

79.5-1 

07.24 

01,1? 

133.% 

2960.07 

1454.% 

2723.% 

7-0.10 

77.96. 

86..% 

90.57 

133.20 

2994.46. 

1444.% 

2714.% 

?7.% 

70.32 

65.66 

91.4? 

133.f0 

2994.63 

1446.00 

2710.% 

77.91 

70.20 

65.64 

91.30 

J33.20 

2992.13 

1455..% 

77)9.% 

7^.66 

%.25- 

60.52 

60.65 

133. 10 

3802.47 

1453.% 

27%.  % 

20.35- 

79.77 

07.65- 

91,10 

J32.J0 

2973,43 

1449.40 

26-91.% 

%.45 

79.74 

60.15- 

90.44 

133.  JB 

3001.40 

1459.% 

26.95.% 

20.35 

79.54 

07.73, 

60,64 

J33.60 

3014.99 

1459.% 

2703..% 

26:.4! 

79.6:7 

07.66- 

91.10 

134. IP 

3B16.89 

1456..% 

27)3.% 

7-6:.  5) 

%.  6) 

07,6-2 

91.30 

J34.T0 

3P12.%. 

1453.% 

7724.0B 

20.54 

79.60 

6:7.30 

U  ,4B 

J34.60 

3607.2) 

1459.% 

273.1.% 

7-P.6) 

79,75 

07,36 

90.6!? 

J34.20 

3013.%. 

1464.60 

2721.% 

7-0.56 

79,25- 

07.34 

90.72 

134. IB 

3009.70 

1463.60 

27J0.0B 

77.46: 

79.46- 

07,63 

90.66 

134.60 

3012,91 

1459.40 

26-99.% 

74'..  34 

79.6.9 

87,55 

91.01 

134.20 

3%5.2) 

1459,40 

2704.% 

28.35 

79.46 

07.44 

60.76: 

134.60 

3005.04 

1461.40 

77)5.% 

74:.  49 

79.37 

07.5) 

90,% 

134.% 

3M5.93 

1460.40 

7773.00 

70.60 

79.49 

07.59 

90.74 

134.% 

3010.97 

1463.% 

2770.% 

20.5-1 

79.31 

97.4! 

90.76- 

J34.T0 

3017.66. 

1459.% 

77)6.% 

70.57 

7C  C-? 

1  VK* 

rr>  7-7 

C*»  r  1  v‘ 

90.96: 

133.% 

3007, 17 

1450.60 

27%.,% 

70.36 

79.6:9 

07.40 

9! .  ’9 

133.40 

2990.41 

1457.% 

26-93.% 

70.70 

79.60 

6:7.47 

90/6- 

133.70 

3006.73 

!455>,% 

26.97'.% 

70.70 

79.60 

87,50 

91.65 

133..% 

7996..% 

1457.40 

2704.W 

70.36: 

79.36 

07.52 

90.66 

134.% 

3W7.60 

1453.60 

771 3.% 

70.51 

79.95- 

87.64 

91.26 

134.% 

30%..  13 

1454.% 

7773.% 

7$*v*7 

79.72 

07.49 

91,10 

133.% 

30%.  56 

1453.60 

7-691.% 

/o»  /V* 

76).  52 

87.30 

90.99 

THE  RUERRGE  FLOW  I 

S:  28.4961 

GPM 

THE  RUERRGE  SPEED 

IS: 

RP1- 

1 

THE  RUERRGE  TORQUE 

IS: 

1456.02 

11 

l-LB 

THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M1349 


THE  AUERRGE  DIFFERENTIAL  PRESSURE  IS:  3002.24  PSID 


THE  STANDARD  DEUX AT I ON  OF  THE: 

MEASURED  FLOW  IS:  .SI 1472  GPM 
MEASURED  SPEED  IS:  37.2958  RPM 
MEASURED  TORQUE  IS:  21.946  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  39.1638  PSID 


THE  MAX.  OVERALL  EFFICIENCV  IS:  81.7597 
THE  MIN.  OVERALL  EFFICIENCV  IS:  77.9587 
THE  AUERRGE  OVERALL  EFFICIENCV  IS:  79.8574 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  89.9162 
THE  MIN.  VOLUMETRIC  EFFICIENCV  IS:  85.6364 
THE  AVERAGE  VOLUMETRIC  EFFICIENCY  IS:  87.8359 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  91.4219 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  90.3537 
THE  AVERAGE  MECHANICAL  EFFICIENCV  IS:  90.9033 


THREE  HOUR  PERFORMANCE  TEST 


PUMP  NUMBER  Ml 350  RUN  AT  RATED  PRESSURE  AND  SPEED 

M13503H 


IF 

am.  ft 

PJFF  PRESS 

TMttF 

FFfFD 

FI. (41 

(MTftl 

get  FFF 

*(«  iff 

UN 

TFIf<F) 

PSJf) 

Ilf  IB 

m 

GFtl 

FFFO.) 

0.) 

C‘. ' 

W 

127.40 

3011.95 

14(6.80 

7720. » 

77.83 

77.26. 

(5.33 

•:«,5 3 

M 

130.20 

3002. 4f. 

14(0.40 

77 J 5, 00 

77.8) 

78.88 

84.(0 

90,(4 

W 

177.40 

2992.37 

1456.80 

7710.00 

77.58 

78.(4 

84.6? 

«? 

129,00 

3025.73 

1473.(0 

7704.00 

26.8? 

75.07 

tO.  87 

90.5.7 

to 

170,70 

7957.50 

1434.40 

?(.98.00 

26..  53 

74.54 

81.99 

98.90 

to 

131.00 

T995..90 

1450.00 

7(.98,00 

?(.)4 

73.19 

(0.78 

90,59 

02 

131.20 

2903.76 

1457.80 

7716.00 

26.03 

72.13 

79.93 

90.73 

w 

131.20 

3077.01 

14(5.20 

2734.00 

26.06 

72.4) 

79.(0 

91,88 

* 

131.00 

3013.15 

14(.?,80 

2708.00 

75.77 

71.(0 

79.19 

90.58 

w 

J30.T0 

30)8.30 

14(1.00 

2705.06 

75.9? 

72.78 

79.98 

91. (f. 

00 

131.10 

3039,35 

1480.(0 

7707.00 

75.95 

72. 36 

79.94 

90.50 

to 

131.00 

299(.44 

14(.).(0 

2700.00 

26*.  (5 

72.74 

(0.47 

90.38 

to 

131.10 

2989. 

1470.40 

2707.(0 

75.81 

71.30 

79.52 

(9.(4 

to 

13J.60 

3972.19 

14(.9.00 

2721.(8 

75.78 

71.44 

78.78 

90.78 

to 

131.00 

2998.98 

14(4.  (0 

7727.00 

25.84 

71.48 

79.17 

90.77 

00 

131.(0 

2991.(0 

1470.20 

7725.00 

75.90 

7J.JJ 

79.26. 

(8.71 

00 

131,30 

29P0.00 

14(8,20 

7725.(0 

75.85 

70.(0 

79.1) 

(8.48 

» 

130,90 

3009.28 

14(6..  48 

2712.(0 

25.84 

71.90 

79-46. 

90.47 

02 

132,00 

3029.43 

14(9.50 

272'3.(0 

78,38 

73.19 

(8.53 

90,87 

02 

132.00 

3037.75 

14J7.40 

7740.(0 

26-38 

72.30 

(0.30 

90.82- 

02 

J32.10 

3000.87 

1458.00 

7705.00 

26..21 

73.3? 

(8.79 

99.74 

02 

131.70 

3006.73 

1463.(8 

7(98,  (0 

26-45 

74.04 

81,74 

90.57 

00 

131.10 

2979.59 

1453.00 

2666.66 

26-72- 

73.58 

81.35 

90.40 

06 

J31.40 

2975.40 

1457.80 

7701.00 

26-51 

73. 7  J 

81.66 

90.83. 

00 

133,(0 

30(2.49 

1487.(0 

7730,(0 

26.  JJ 

77.39 

79.75 

90.78 

02 

134.50 

3033,50 

1492,70 

7748.00 

26-38 

71.50 

79.(6. 

89.6? 

02 

134.70 

3057,12 

1403.80 

7743,00 

26-14 

77.08 

79.47 

90.(8 

02 

134.30 

3034,  If. 

1479,(0 

7734,(0 

.26-49 

73-05 

(8.79 

90.41 

03 

133,90 

3620.88 

1472'.  80 

7727,00 

26-33. 

77.95. 

(8.87 

90.47 

00 

133.(0 

3032.74 

1472.40 

7771.(0 

75,83 

71.33 

78,54 

90.(8 

00 

134.20 

3023,17 

J400.70 

2779.(0 

25.77 

70.9? 

78.75 

90.84 

00 

134.50 

3043.16 

1402.(0 

7747,00 

26.48 

72.83 

(8.47 

90.49 

02 

134.90 

3070.17 

1491.(0 

7737.00 

25.91 

71.(4 

78,93 

90,74 

02 

134.90 

3077.13 

1494.40 

7777.(0 

25.56. 

70.97 

78.18 

90.78 
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THE  AUERAGE  FLOW  IS:  26.2646  GF’M 
THE  AUERAGE  SPEED  IS:  2717.83  RPM 
THE  AUERAGE  TORQUE  IS:  1469.84  IN-LB 


THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  Ml 350 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  3015.58  PSID 


THE  STANDARD  DEVIATION  OF  THE: 

MEASLIRED  FLOW  IS:  1.43617  GPM 
MEASURED  SPEED  IS:  38.8641  RPM 
MEASURED  TORQUE  IS:  33.4331  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  71.466  PSID 


THE  MAX.  OVERALL  EFFICIENCV  IS:  77.2627 
THE  MIN.  OVERALL  EFFICIENCY  IS:  70.4357 
THE  AVERAGE  OVERALL  EFFICIENCV  IS:  72.7414 

THE  MAX.  VOLUMETRIC  EFFICIENCV  IS:  35.3343 
THE  MIN.  VOLUMETRIC  EFFICIENCV  IS:  77.9138 
THE  AVERAGE  VOLUMETRIC  EFFICIENCV  IS:  80.4087 

THE  MAX.  MECHANICAL  EFFICIENCV  IS:  91.0785 
THE  MIN.  MECHANICAL  EFFICIENCV  IS*.  89.4808 
THE  AVERAGE  MECHANICAL  EFFICIENCV  IS:  90.4488 


THREE  HOUR  PERFORilRNCE  TEST 


PUMP  NUMBER  Ml 351  RUN  HT  RH TED  PRESSURE  RND  SPEED- 

MI  351 3H 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M1351 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  3624.42  PSID 


THE  STANDARD  DEVIATION  OF  THE* 

MEASURED  FLOW  IS:  3. 40335  GPM 
MEASURED  SPEED  IS:  41.1493  RPM 
MEASURED  TORQUE  IS:  15.101  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  17.4937  PSID 


THE  MAX.  OVERALL  EFFICIENCV  IS:  91.3726 
THE  MIN.  OVERALL  EFFICIENCY  IS:  76.5585 
THE  AVERAGE  OVERALL  EFFICIENCV  IS:  30.4261 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  98.7134 
THE  MIN.  VOLUMETRIC  EFFICIENCV  IS:  83.1153 
THE  AVERAGE  VOLUMETRIC  EFFICIENCY  IS:  86.9937 

THE  MAX.  MECHANICAL  EFFICIENCY  IS*.  93.0639 
THE  MIN.  MECHANICAL  EFFICIENCV  IS:  91.7573 
THE  AVERAGE  MECHANICAL  EFFICIENCY  IS:  92.434 
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THREE  HOUR  PERFORMANCE  TEST 
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PUMP  HUMBER  Ml 352  RUN  AT  RH  f  EL' 

M13523H 
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AUERAGE  SPEED 

IS:  27 

10.58 

THE 
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PRESSURE  AND  SPEED 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  Ml 352 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  295*6.58 


THE  STANDARD  DEVIATION  OF  THE: 

MEASURED  FLOW  IS:  .892222  GPM 
MEASURED  SPEED  IS:  49.2194  RPM 
MEASURED  TORQUE  IS:  11.925  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  14.046  PSID 


THE  MAX.  OVERALL  EFFICIENCV  IS:  81.605? 

THE  MIN.  OVERALL  EFFICIENCV  IS:  78.734? 

THE  AVERAGE  OVERALL  EFFICIENCV  IS:  79.7804 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  89.9798 
THE  MIN.  VOLUMETRIC  EFFICIENCV  IS:  86.0362 
THE  AVERAGE  VOLUMETRIC  EFFICIENCV  IS:  87.5564 

THE  MAX.  MECHANICAL  EFFICIENCV  IS:  91.7544 
THE  MIN.  MECHANICAL  EFFICIENCV  IS:  90.2739 
THE  AUERAGE  MECHANICAL  EFFICIENCV  IS:  91.1066 


PSID 
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THREE  HOUR  PERFORMANCE  TEST 


PUMP  NUMBER  Ml 353  RUN  AT  RATED  PRESSURE  AND  SPEED 

M13533H 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  Ml 303 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  3007.51  PS  ID 


THE  ST ANDARD  DEVIATION  OF  THE: 

MEASURED  FLOW  IS:  2.86276  GF'M 
MEASURED  SPEED  IS:  41.3722  RPM 
MEASURED  TORQUE  IS:  11.4064  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  25.0524  PS ID 


THE  MAX.  OUERALL  EFFICIENCY  IS:  82.6626 
THE  MIN.  OUERALL  EFFICIENCY  IS:  76.8313 
THE  AUERAGE  OUERALL  EFFICIENCY  IS:  30. 3681 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  101.487 
THE  MIN.  VOLUMETRIC  EFFICIENCY  IS:  84.2244 
THE  AUERAGE  VOLUMETRIC  EFFICIENCY  IS:  88.248 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  81.6168 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  80. 1074 
THE  AVERAGE  MECHANICAL  EFFICIENCY  IS:  81.0552 
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THREE  HOUR  PERF  ORMRI  r_L  FELT 
PUMP  NUMBER  Ml  35, 4  PUi !  ■ :  !'L3  i  :  __ ....  3  3.  hMl-  .FllD 

M13543H 
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THE  RUERftGE  FLOW  IS:  23.3532  GEM 
THE  RUE RFlGE  SPEED  IS:  2704.11  RPM 
THE  RUERftGE  TORQUE  IS:  1456.63  IN -LB 


/•// 


THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  Ml 354 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  2999.72  PSID 


THE  STANDARD  DEUIATION  OF  THE: 

MEASURED  FLOW  IS:  .359779  GPM 
MEASURED  SPEED  IS:  33.739  RPM 
MEASURED  TORQUE  IS:  14.0293  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  59.1203  PSID 


THE  MAX.  OUERALL  EFFICIENCY*  IS:  32.0616 
THE  MIN.  OUERALL  EFFICIENCY  IS:  75.9534 
THE  AUERAGE  OUERALL  EFFICIENCY  IS:  79.3962 

THE  MAX.  UOLUMETR I C  EFFICIENCY  IS:  90.5707 
THE  MIN.  UOLUMETR  I C  EFFICIENCY  IS*.  36.3216 
TEE  AUERAGE  VOLUMETRIC  EFFICIENCY  IS:  87.4405 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  91.5533 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  87.9745 
THE  AUERAGE  MECHANICAL  EFFICIENCY  IS:  90.7854 
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THREE  HOUR  PERF ORMRHCE  TEST 


PUMP  NUMBER  M2355  RUN  RT  RHTED  PRESSURE  RND  SPEED 

M23553H 
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THE  RUERRGE  FLOW  IS:  36.2383  GPM 
THE  RUERRGE  SPEED  IS*  2816.33  RF Ml 
THE  RUERRGE  TORQUE  IS:  1443.0/  IN-LB 


THREE  HOUR  PERFORMANCE  TEST 
CONTI;  ‘  AT  I  OH  FOR  PUMP  M2355 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS*.  2998.73 


THE  STANDARD  DEUIRTION  OF  THE: 

MEASURED  FLOW  IS:  .437382  GPM 
MEASURED  SPEED  IS:  37.7624  RPM 
MEASURED  TORQUE  IS:  13.0416  1H-LB 
DIFFERENTIAL  PRESSURE  IS:  13.4284  PS ID 


THE  MAX.  GUERALL  EFFICIENCY  IS:  83.1462 
THE  MIN.  OUERALL  EFFICIENCY  IS:  81.1122 
THE  AUERAGE  OUERALL  EFFICIENCY  IS:  32.0407 

THE  MAX.  UGLUMETR I C  EFFICIENCY  IS:  92.0641 
THE  MIN.  UOLUMETRIC  EFFICIENCY  IS:  89.4943 
THE  AUERAGE  UOLUMETRIC  EFFICIENCY  IS:  90.8504 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  90. 725? 

THE  MIN.  MECHANICAL  EFFICIENCY  IS:  89.7018 
THE  AUERAGE  MECHANICAL  EFFICIENCY  IS:  9U.2886 


PSID 


THREE  HOUR  PERFORMANCE  TEST 


PUMP  NUMBER  M2356  RUN  AT  RATED  PRESSURE  AND  SPEED 

M23563H 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M2356 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  3007.87 


THE  STANDARD  DEVIATION  OF  THE: 

MEASURED  FLOW  IS:  1.11131  GPM 
MEASURED  SPEED  IS:  52.3431  RPM 
MEASURED  TORQUE  IS:  79.5369  IH-LB 
DIFFERENTIAL  PRESSURE  IS:  155.683  PSID 


THE  MAX.  OVERALL  EFFICIENCY  IS*.  83.3521 
THE  MIN.  OVERALL  EFFICIENCY  IS:  81.3094 
THE  AVERAGE  OVERALL  EFFICIENCY  IS:  82.1171 

THE  MAX.  VOLUMETRIC:  EFFICIENCY  IS:  93.2489 
THE  MIN.  VOLUMETRIC  EFFICIENCY  IS:  90.fc.234 
THE  AUERAGE  VOLUMETRIC  EFFICIENCY  IS:  91.676 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  90.26* 

THE  MIN.  MECHANICAL  EFFICIENCY  IS:  86.WK7 
THE  AVERAGE  MECHANICAL  EFFICIENCY  IS:  39.5603 


PSID 


THREE  HOUR  RERF ORriHt E 


RUHR  HUMBER  FL.  ,  RUM  h  i  RH'iRU  PRESSURE  RHr  1  BREED 

H200,'3H 
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THREE  HOUR  PERFORMANCE  TEST 
CONTI HURT  ION  FOR  RUHR  H2357 


THE  AVERAGE  DIFFERENT 1HL  PRESSURE  IS:  3049.65 


THE  STANDARD  DEVIATION  OF  THE: 

MEASURED  FLOW  IS:  2.07746  GRM 
MEASURED  SPEED  IS:  39.7035  RRM 
MEASURED  TORQUE  IS:  17.2338  IN-LB 
DIFFERENTIAL  PRESSURE  IS*  28.4585  PS ID 


THE  MAX.  ODER  ALL  EFFICIENCY  IS:  84.4165 
THE  MIN.  ODER  ALL  EFFICIENCY  IS:  75.2718 
THE  AVERAGE  OVER  ALL  EFFICIENCY  IS:  79.0743 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  95.8536 
THE  MIN.  VOLUMETRIC  EFFICIENCY  IS  85.897 
THE  AVERAGE  VOLUMETER I C  EFFICIENCY  IS  89.6602 

THE  MAX.  MECHANICAL  EFFICIENCY  IS  83.5602 
THE  MIN.  MECHANICAL  EFFICIENCY  IS  87.7298 
THE  AVERAGE  MECHANICAL  EFFICIENCY  IS  88.1808 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M2358 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  3601.65 


THE  STANDARD  DEVIATION  OF  THE: 

MEASURED  FLOW  IS:  .627171  GPM 
MEASURED  SPEED  IS:  40.6842  RPM 
MEASURED  TORQUE  IS:  15.7876  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  10.7302  PS ID 


THE  MAX.  OVERALL  EFFICIENCV  IS*.  83.6181 
THE  MIN.  OVERALL  EFFICIENCY  IS:  81.4985 
THE  AUERAGE  OVERALL  EFFICIENCY  IS:  82.2321 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  92.3989 
THE  MIN.  VOLUMETRIC  EFFICIENCY  IS:  90.0101 
THE  AVERAGE  VOLUMETRIC  EFFICIENCY  IS:  91.1617 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  91.0539 
THE  MIN.  MECHANICAL  EFFICIENCY  IS*.  89.6185 
THE  AVERAGE  MECHANICAL  EFFICIENCY  IS:  90.1899 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M2359 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  3046.3  PSID 


THE  STANDARD  DEUIATIGN  OF  THE: 

MEASURED  FLOW  IS:  .532485  GPM 
MEASURED  SPEED  IS:  28.3292  RPM 
MEASURED  TORQUE  IS*.  83.  1016  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  177.298  PSID 


THE  MAX.  OUERALL  EFFICIENCV  IS:  85.0635 
THE  MIN.  OUERALL  EFFICIENCV  IS:  75.2587 
THE  AUERAGE  OUERALL  EFFICIENCV  IS:  81.2206 

THE  MAX.  UGLUMETR I C  EFFICIENCV  IS:  91.4761 
THE  MIN.  UOLUMETRIC  EFFICIENCV  IS*.  88.9577 
THE  AUERAGE  VOLUMETRIC  EFFICIENCV  IS:  89.9833 

THE  MAX.  MECHANICAL  EFFICIENCV  IS:  94.3069 
THE  MIN.  MECHANICAL  EFFICIENCV  IS:  84.4059 
THE  AUERAGE  MECHANICAL  EFFICIENCV  IS:  90.2454 
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THREE  HOUR  PERFORMANCE  TEST 
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1491.40 

7767.00 

76,8? 

76,11 

87.  *5. 

*9.10 

00.00 

131.00 

3040,39 

1491.00 

27*6.00 

26,66 

77.90 

*7.73 

*0.79 

05.00 

131. *0 

3054.4? 

1403.60 

7756.00 

26.52' 

7*:.  34 

*7.57 

*•9.45 

00.0? 

137.70 

304*:.  4P 

1493.70 

7771.00 

26.66 

77,65. 

*7.5/ 

6,70 

05.00 

134.40 

3056.50 

J406.70 

7764.00 

26.77 

77.90 

*7,45 

*9,%. 

100.0? 

13*..  *0 

3040.4*. 

1409.0P 

7794.00 

26.64 

77.70 

87,33 

105.03 

137.10 

30*.?.  3? 

1407.0P 

/75)3,0P 

26,7*: 

7*:.  30 

*7,19 

*9.7*; 

110.00 

134.00 

3056.49 

1493,00 

7779,00 

76,70 

77  77 
i  i  *  1 

*7 ,  37 

86,95, 

115.0? 

133.70 

305*.,30 

1497',  40 

27*6.00 

76.56 

77.76. 

*7.37 

*9/0: 

170.00 

J3J.70 

305*..3t: 

14*6,40 

77*3.00 

”/0  r  r. 

/  v»» 

7*:.  26 

*7.57 

*9.34 

175.0? 

130.90 

30*,?.r/ 

149*:.  00 

77%.  00 

76.9*. 

77,6*. 

*7.63 

C<’ 

C,‘, 

130.00 

137.10 

3050.5? 

1493.60 

7606.00 

59.017 

77.87 

6.7.5) 

*0,9? 

135.0? 

134.70 

3046.53 

1491.60 

76.J3.O0 

29.05. 

77.55 

*7.37 

*9.74 

140.0? 

J3*..*0 

3050.44 

14*7.00 

7*09.00 

76,95. 

77.85 

*7.70 

145.0? 

13f..*0 

305*..59 

1490.00 

7796,00 

26.76. 

77.59 

87.09 

89.06 

150.00 

134.40 

3056.40 

1491,40 

2780.0© 

26,*8 

77,74 

87.76 

*9.ty 

155.0? 

13?,*0 

3050.56 

1490,00 

27*4,00 

76.77 

77.99 

87,43 

r<,  1 Q 

1*0.03 

130.90 

30*0.50 

1490.60 

?797,f0 

76.93 

7*:.?) 

87.66 

*0.?! 

1*5.00 

'31. *0 

3056.69 

1495.60 

7104.00 

76,99 

77.7) 

*7, 4° 

*0/9 

170.0? 

J33.00 

3056.  *6 

1492.00 

7611.00 

79.R3 

77.64 

87,36 

*0.74 

175.00 

137.10 

30*4.56 

1491,60 

7806,00 

76.97 

77,  *5. 

*7,1*. 

*9,70 

100.0? 

13*..  30 

3054,59 

J  466,  W 

7794.00 

76.7*. 

77.  *0 

87,10 

*9.31 

THE 

RUERRGE  FLOW  I 

•  ■-> 

8.3051 

GPM 

THE 

RUERRGE  SPEED 

IS: 

2798. 59 

RPM 

THE 

RUERRGE  TORQUE 

IS: 

1491.53 

1H-LB 

THREE  HOUR  PERFORMAHCE  TEST 
CONTINUATION  FOR  PUMP  M2360 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  3052.99 


THE  STANDARD  DEUX AT I ON  OF  THE: 

MEASURED  FLOW  IS:  ..*6014  GPM 
MEASURED  SPEED  IS:  69.1157  RPM 
MEASURED  TORQUE  IS:  11.5566  IN-LB 
DIFFERENTIAL  PRESSURE  IS*  16.8392  PS ID 


THE  MAX.  OUERALL  EFFICIENCY  IS:  73.3429 
THE  MIN.  OUERALL  EFFICIEHCV  IS:  76.0038 
THE  AUERAGE  OUERALL  EFFICIEHCV  IS:  77.6032 

THE  MAX.  UOLUMETRIC  EFFICIEHCV  IS:  87.7265 
THE  MIN.  UOLUMETRIC  EFFICIEHCV  IS:  85.4558 
THE  AUERAGE  UOLUMETRIC  EFFICIEHCV  IS:  87.243 

THE  MAX.  MECHANICAL  EFFICIEHCV  IS:  39.7824 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  88.385 
THE  AUERAGE  MECHANICAL  EFFICIEHCV  IS:  88.9362 


PSID 


AJV 


i.  THREE  HOUR  PERFORMANCE  TEST 

PUMP  HUMBER  M2361  RUN  ftT  RATED  PRESSURE  ft HD  SPEED 

r 

:  M23613H 


Tiff 

«mrr 

nirr  prfs 

TffftF 

<TFFD 

nnu 

fWFRfll 

uci  rn 

rffv,  fr 

HIM 

Tnf(n 

PSID 

ItRIR 

RPM 

GFtl 

FFFC;> 

Q  i 

aw 

137.48 

2978.27 

1441.48 

78)1. W 

79.43 

76:.  79 

68.76: 

4.98 

132.781 

7948.88 

1449.78 

7832, W 

79.66 

76:.  98 

c9  77 

4  * 

jaw 

131,98 

2944,91 

1447,88 

7846..  W 

38.11 

79.12 

69.51 

.  <  .  •  1 

J4.9P 

131 M 

2948.  f 7 

1444.88 

78W.W 

79,6.) 

79.  J  4 

69.4? 

53.47. 

2a  w 

138.48 

2927,78 

1479.48 

7793. W 

79,56: 

79.61 

69.6) 

f*.  ■ 

24,98 

138.18 

7927.38 

1438.W 

7779. W 

79.44 

79.(8 

69.(3 

>‘*C'  ,v.  - 

78.W 

138,28 

7974.87 

1431.68 

'763.  W 

79.77 

79,51 

69.56 

r«- .  ; 

74,98 

131.  W 

7977.0T' 

1477.78 

7778.  W 

79.3) 

79.6,9 

69.53 

co  •: 

«.  *  *  /  ■v 

48.  W 

J 31.88 

7934 

1433.48 

7769.W 

79.57 

79.5? 

69.71 

V 

44,98 

132.18 

7777.74 

J  431 . 

78W.W 

79.6.9 

74.22 

OO  "TO 

K'.'t  1  / 

6:7.7! 

f«.W 

13?.  28 

7930.76. 

1437.48 

7888.  W 

79.66. 

88,88 

69.96: 

Ffi.W 

77.7? 

131.98 

79J7.6? 

1439.78 

TWC'.W 

79,77. 

79.56. 

69.67 

68.54 

75.  W 

131.98 

7939.3? 

1434.78 

7797..  88 

29.7? 

88.12 

69.% 

69. 05 

79. 98 

131.98 

7934,48 

1433.48 

7788.88 

79.49 

79,66. 

69.77 

68.% 

87.8? 

132.48 

7947.31 

1438.48 

78)8.88 

38.81 

68.69 

98.1? 

69.53 

78.  W 

132.88 

7944,77 

1438.W 

T836..88 

38, 78 

68.19 

98.1) 

68.96; 

74.98 

133,78 

7947.89 

1439.68 

7849.88 

38.43 

88.39 

98.36 

68,95. 

W.W 

133..  78 

7977.79 

1439.88 

7668.88 

38.57 

88. 54 

68.29 

69,16: 

87.  W 

133.60 

2953.17 

J 437. 78 

2WJ.W 

38,59 

68.79 

98.46: 

:  9 ,  A\ 

89.98 

133,48 

7978.37 

J  447. 6 0 

2047. W 

38.4? 

68.56 

98.4? 

69,  *.0 

97.  W 

132.W 

7949.73 

1435.88 

7831. W 

38.75 

68,72 

98.4? 

CO  ^ , 

99.98 

J 32,88 

7977,.  34 

1438.78 

'•831,  W 

38,29 

68.64 

98.57. 

'■ 

187.00 

132,18 

7947.81 

1433.W 

76W.W 

79.97 

68.73 

98.38 

69.76 

189.98 

132,88 

7941,71 

1479. W 

.7872.  W 

38.1? 

88.74 

98.78 

69.73 

JJ7.W 

132.48 

7979.48 

1437. 88 

2827, W 

78,15 

68.76: 

98.31 

''9,47 

J78.a/ 

131.98 

7978.77 

1430.60 

;8J2.Cfi 

79.9? 

68,4! 

'9,04 

CO  -0. 

\  1  .  ' 

124.98 

131.88 

7947.  64 

J432.W 

2797. W 

79,66. 

68,25. 

69.71 

>9,44 

i  ?aw 

132. W 

7921,38 

1478, W 

77W.W 

79.68 

68.78 

69,66? 

;■<!  "  Cj 

J74.98 

132.78 

.79!  2.8) 

1410,60 

7887. 88 

79.73. 

68.  a. 

69,69 

148.W 

132.88 

7687,73 

1418.88 

7871.88 

79,9) 

79,76: 

69.7) 

68,  9' 

J44.98 

129.78 

7794,84 

J7f.9.W 

7849. W 

78,73 

8).  86 

91,. 76: 

68.79 

J78.W 

128.88 

76.97.4R 

1319,48 

7838,88 

38,46. 

68.53 

98.8) 

68, 6? 

174,98 

127.78 

76.73.68 

1781.48 

78/8..  88 

79.9! 

79.97 

69.56 

69.77 

K0.W 

132,98 

7731,74 

1335.78 

7887.  W 

79.81 

79,96 

69,93 

68.69 

JM.98 

129.98 

7771.81 

1347.W 

78)1.80 

79,7? 

68.15 

69. 66 

69.6 

J78.W 

129,38 

7977>.  77 

1434.88 

7813.88 

79,59 

79.67 

68.99 

69.5! 

177.87 

133.78 

7948.?:' 

1437,48 

7077. W 

29,59 

79,89 

68,73 

69.1? 

THE 

RUERRGE 

FLOW  IS: 

29.8993 

GPM 

THE 

ftUERRGE 

SPEED  IS: 

2814.68 

RPM 

THE 

ftUERftGE 

TORQUE  IS: 

1418. 13 

IN-LB 

/  6"  5 


THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M2361 


THE  A'JERAGE  DIFFERENTIAL  PRESSURE  IS:  2006.74  PSID 


THE  STANDARD  DEM I AT I ON  OF  THE: 

MEASURED  FLOW  IS:  1.61312  GPM 
MEASURED  SPEED  IS:  65.4127  RPM 
MEASURED  TORQUE  IS:  116.375  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  252.06-5  PSID 


THE  MAX.  OUERALL  EFFICIENCY  IS:  81.6505 
THE  MIN.  OUERALL  EFFICIENCY  IS:  74.2263 
THE  A'JERAGE  OUERALL  EFFICIENCY  IS:  70.8046 

THE  MAX.  UGLUMETR I C  EFFICIENCY  IS*.  01.2861 
THE  MIN.  UGLUMETR I C  EFFICIENCY  IS:  38.5828 
THE  A'JERAGE  UGLUMETR  I C  EFFICIENCY  IS:  80.8832 

THE  MAX.  MECHANICAL  EFFICIENCY  IS*.  80.5262 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  82.7113 
THE  FPJERAGE  MECHANICAL  EFFICIENCY  IS:  83.8721 


/■S' 


THREE  HOUR  PERFORMANCE  TEST 


PUMP  HUMBER  M3362  RUN  tiT  RH'l  ED  PRESSURE  HMD  SPEED 


M33623H 


TIMF 

am  ft 

DJFF  !W. 

torguf 

TTFD 

new 

CMTfti 

yet  IFF 

NFDl  FFF 

MIN 

TFW) 

P9K) 

IIP  I  F: 

m 

GFfl 

rrr  o.> 

0.) 

'  /, ; 

0.00 

127.(0 

2528.75 

1319.78 

1815.80 

70.57 

79.43 

85.(4 

97,74 

5.&B 

127.(0 

2523.81 

1333..  78 

1807.00 

70.39 

78.58. 

85.47 

91.85 

9,98 

127.18 

2499.43 

1327.88 

1803.80 

70.40 

78:.  (.1 

85.,  (9 

91.77 

14.90 

127.18 

2492.29 

1387.(0 

1805.80 

20.4) 

79.75 

85.(4 

tf'.57 

19.98 

127.88 

2485.39 

1321.(0 

1 798.  * 

70.28. 

77.97 

85.74 

91.79 

25.  W 

176.8B 

2484.58 

1299.88 

1807.80 

70.44 

79. 5J 

85.(8: 

97.79 

38.88 

127.18 

2482.(5 

1317.88 

1880.80 

20.42 

78.35 

85.  (.1 

91,51 

35.88 

127.88 

2519.38 

1315.48 

1819.(0 

70.53 

79.49 

85..4F 

97. 97 

40.  R? 

128.18 

2486.45 

1383..  80 

1811.80 

20.47 

79.7? 

85,8.1 

97',  5.7 

44.98 

127.78 

2485.(7 

1314.40 

1808..  80 

70.39 

78.52' 

85.57 

91,8ft 

49.98 

127.70 

2478.33 

1305.(0 

1808.00 

70.37 

78:.  79 

85.-49 

97.14 

54.98 

178.98 

24(0.28 

1299.40 

1805.80 

70.39 

78..  9) 

85>.  57 

97.71 

W.W 

177.18 

2483.31 

1311.28 

1804.00 

70.38. 

7f:.(.l 

85.-49 

91.94 

15.88 

177.(0 

2517.7? 

1318.80 

18)  8,80 

20.53. 

79.39 

85..  (.1 

9?,73 

78.88 

178. 18 

2533.94 

1379.08 

)8?(..00 

70.(3 

79.20 

85.56 

92,55. 

74.98 

177.98 

748:1.85 

1304.88 

J813.80 

20.49 

79,80 

85-.  58: 

6)2,3  9 

79.98 

127.88 

248.9.48 

1/88.60 

I809.0P 

7B.4? 

79.71 

85,  (.9 

93.61 

84.98 

177.78 

7488.35. 

1300,28 

1807'.  80 

70.3) 

79.33 

85..  38: 

97.90 

98.  W 

mM 

2477.75 

1791.80 

1795,80 

70,70 

79,  (-J 

85.49 

93.1) 

95.W 

178.98 

2488.84 

1387.78 

1800.081 

20,3) 

79.79 

85,47 

97,75 

188.80 

1 7?,78 

J5J5.8.J 

J 337. 80 

1817.80 

70,44 

78.(5 

85.44 

:<',w 

184.98 

177.58 

2527.38 

1335.48 

1814.80 

70.4? 

70.54 

85..  40 

91,87 

189.98. 

177.78 

25)7.48 

1318.48 

1810.80 

20.43 

79.58 

85'.  4^ 

r7..R? 

114.98. 

177.18 

7488.39 

1795.48 

18CK..  80 

70.38 

79. 4(. 

85.47 

97.95 

128.88 

178.78 

7474,93 

1385. 88 

1807.80 

70,35 

78:.  7) 

85.,  54 

<'7.00 

125.88 

17(..(0 

7483.,  38 

1293.(0 

1804.00 

70.4) 

79.85 

85.(8; 

93.1r' 

138.88 

)7f..(0 

7498.45 

1303.48 

1808.80 

70. 4(. 

79.49 

85.(>9 

<9'.7r'. 

134.98 

178..  98 

2508,55 

1313.48 

1815.80 

70.54 

79.47 

85. 77' 

97.  (-4 

139.98 

J7(..(0 

7491.94 

13)8.80 

1817.80 

70.47 

79,81 

85.55 

34 

144.98 

J28..58 

748:1.67 

1307,78 

1867.80 

.70.4) 

79.17 

85. 

t;;' . 

150.08 

J7K..50 

2485,74 

1284.40 

1880.00 

70.38. 

79.84 

85..  ((• 

c.t  .  :■ 

.  » ■»  / 

155.88 

’2f.,70 

2450.93 

1756.70 

1794,00 

70. 2(. 

78,71 

85.-53. 

95,0! 

MM 

120.40 

7493.98 

1382'.  00 

18(0.00 

70.45 

79.8.7 

85.8.7 

C(7'.90 

184.98 

127.18 

7492,11 

J3.13.80 

1817.00 

20,581 

78, 9) 

85.69 

f/.ff: 

189.98 

177.78 

2518.41 

1373.(0 

1870,8(1 

70.58: 

70.07 

85.(5 

97',  07 

174.98 

127.78 

2584.98 

1305..  40 

1815.00 

20,49 

79.(4 

85..  49 

93.15 

188.88 

177.48 

7492.47 

1794.70 

1811.00 

70.47 

80.88. 

85.(7' 

93.4C 

THE  RUERRGE  FLOW  IS: 
THE  RUERRGE  SPEED  IS: 
THE  RUERRGE  TORQUE  IS 


20.4263  GF'M 
1 SOS. 03  RPM 
1308.82  IN-LB 


/  S7 


THREE  HOUR  PERFORMANCE  TEST 
CONTI HURT  I ON  FOR  PUMP  M3362 


THE  RUERflGE  DIFFERENT IRL  PRESSURE  IS:  2493.44  PSID 


THE  STANDARD  DEUIRTION  OF  THE: 

MERSURED  FLOW  I  SS  a  4L' %-»•->  {  92  GPU 
MERSURED  SPEED  IS:  IS. 7135  RPM 
MERSURED  TORQUE  IS:  33.9763  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  50.S823  PSID 


THE  MAX.  OUERALL  EFFICIENCV  IS:  80.6583 
THE  MIN.  OUERALL  EFFICIENCV  IS*  77.9157 
THE  RUERAGE  OUERALL  EFFICIENCV  IS:  79.1449 

THE  MAX.  UOLUMETRIC  EFFICIENCV  IS:  85.7151 
THE  MIN.  UOLUMETRIC  EFFICIENCV  IS:  85.3376 
THE  RUERAGE  UOLUMETRIC  EFFICIENCY  IS:  85.5652 

THE  MAX.  MECHANICAL  EFFICIENCV  IS:  93.4843 
THE  MIN.  MECHANICAL  EFFICIENCV  IS:  91.2879 
THE  RUERAGE  MECHANICAL  EFFICIENCV  IS:  92.4814 


/s? 


\ 

I 


three  hour  performance  test 


PUMP  MUMPER  M37.C3  RUN  AT  RATED  PRESSURE  AND  SPEED 

} 

M33633H 


Tiff 

ttUlFT 

WJT  PSF5S 

T(W»F 

9FFFP 

FI  Okl 

(MTft! 

UFI  FTT 

NTH  FTT 

HIM 

TF7f<D 

F-S1D 

IH  8 

RPM 

(Ttl 

FFFC4) 

('/,) 

tt) 

e.% 

174.48 

7489.99 

1313.48 

1(81,88 

7),  5*9 

87,4? 

89.54 

95',  (C 

5.68 

178.48 

7497,  88 

1371.(6 

1799.(8 

71.18 

81,81 

89.15 

91,75 

{  18,8? 

m.% 

7489.13 

1315,18 

1(84,  (8 

71.78 

87.%. 

89.33 

51.(4 

15.8? 

175. 18 

7489,8? 

J318.48 

1818,88 

71.43 

87.73 

89,69 

97.33 

78,8? 

176.68 

7489.56 

1317.  (6 

1(89.88 

71.44 

(C.35 

89.77 

91,75' 

i  75.  8? 

177.16 

.7483.54 

1766.(6 

1815.88 

71.55' 

87.84 

89.78 

<fj  tk 

■  76.86 

177.JB 

7483.57 

1311.48 

1818.88 

71.45 

85'.  54 

89.77 

r,i  r,7 

35.(6 

177.38 

74(6,35 

1314.(8 

1884,88 

?J.3f. 

87.18 

89.69 

91.59 

48.68 

178.26 

7493.5) 

1317,(8 

17%..  88 

7J.78 

87. 7(. 

(9.73 

cio  y 

:  45,8? 

131.76 

7497,77 

1318.(8 

1793.88 

71.18 

81.91 

89.14 

91.87 

56.  B? 

171.66 

7563.47 

1374,88 

18)4.88 

71.44 

87.17 

(9,5) 

91,75; 

55,  ft? 

176,46 

.7566.38 

1371.88 

1871.88 

71,49 

85'.  3? 

89.36 

9?,  16 

i  (6,8? 

)3J.(6 

7495,75 

1311.(8 

18)8,88 

71.34 

85'.  18 

(9.99 

95'.  37. 

fsr.,a? 

J 79.36 

7497,% 

13)7.78 

1888.88 

71.18 

87.88 

88.73 

97.41 

76.88 

178.(6 

7499.18 

J3J5.48 

1881.88 

71.84 

8).(.) 

(8.48 

95',  7? 

75.88 

178,46 

7585.%. 

1377'.  48 

1(87.88 

78.95 

81.83 

(8..  87 

91,99 

88.68 

178,76 

7499.88 

1371,48 

1887,88 

78. 95. 

88.61 

87.(8 

91.86 

85.8? 

178,(6 

7584,51 

1377. 78 

1819,(6 

71.8) 

8P.)(. 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M3363 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  2498.16  PSID 


THE  STANDARD  DEUIATION  OF  THE: 

MEASURED  FLOW  IS:  .822398  GPM 
MEASURED  SPEED  IS*  27.2131  RPM 
MEASURED  TORQUE  IS*.  21.3082  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  18.8692  PSID 


THE  MAX.  OUERALL  EFFICIENCV  IS:  82.8417 
THE  MIN.  OUERALL  EFFICIENCV  IS*.  78.2644 
THE  AUERAGE  OUERALL  EFFICIENCV  IS:  30.669 

THE  MAX.  UGLUMETRIC  EFFICIENCV  IS:  89.7836 
THE  MIN.  UOLUMETRIC:  EFFICIENCV  IS:  36.0946 
THE  AUERAGE  UGLUMETRIC  EFFICIENCV  IS:  87.872 

THE  MAX.  MECHANICAL  EFFICIENCV  IS:  92.532 
THE  MIN.  MECHANICAL  EFFICIENCV  IS*.  90.7269 
THE  AUERAGE  MECHANICAL  EFFICIENCV  IS:  91.7848 


/L6 


THRFF  HOUR  PERrORMRNCE  TEST 


PUMP  NUMBER  M3364  RUN  UT  RfiTFR  PRESSURE  Rill •  SPEED 

M33643H 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M3364 


THE  AUERAOE  DIFFERENTIAL  PRESSURE  IS:  2514.4  PSID 


THE  STANDARD  DEUIATION  OF  THE* 

MEASURED  FLOW  IS:  .587062  GPM 
MEASURED  SPEED  IS:  39.5665  RPM 
MEASURED  TORQUE  IS:  29.2206  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  34.6535  PSID 


THE  MAX.  OUERALL  EFFICIENCY  IS:  81.0158 
THE  MIN.  OUERALL  EFFICIENCY  IS:  76.5905 
THE  AUERAGE  OUERALL  EFFICIENCY  IS:  78.0241 

THE  MAX.  'VOLUMETRIC  EFFICIENCY  IS:  89.5002 
THE  MIN.  UOLUMETRIC  EFFICIENCY  IS:  85.6786 
THE  AUERAGE  UOLUMETRIC  EFFICIENCY  IS:  86.9087 


THE  MAX.  MECHANICAL  EFFICIENCY  IS:  30.5967 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  88.9852 
THE  AUERAGE  MECHANICAL  EFFICIENCY  IS:  89.7608 


THREE  HOUR  PERFORMANCE  TEST 
PUMP  HUMBER  M3365  RUH  AT  RATED  PRESSURE  AND  SPEED 

M336.53H 
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THE  RUERAGE  FLOW  IS: 
THE  RUERAGE  SPEED  IS: 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M3365 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  2515.78 


THE  STANDARD  DEUIHTION  OF  THE: 

MEASURED  FLOW  IS:  .618401  GPM 
MEASURED  SPEED  IS*.  31.2346  RPM 
MEASURED  TORQUE  IS:  37.474  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  30.8529  PS ID 


THE  MAX.  OUERALL  EFFICIENCY  IS:  75.2866 
THE  MIN.  O'JERALL  EFFICIENCY  IS:  72.1508 
THE  AUERAGE  OUERALL  EFFICIENCY  IS:  73.372 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  89.5328 
THE  MIN.  VOLUMETRIC  EFFICIENCY  IS:  85.5786 
THE  AUERAGE  VOLUMETRIC  EFFICIENCY  IS:  86.5633 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  85.9782 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  83.5937 
THE  AUERAGE  MECHANICAL  EFFICIENCY  IS:  84.7504 


PSID 
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THREE  HOUR  PERFORMANCE  TEST 
PUMP  HUMBER  M3366  RUN  fiT  RRTED  PRESSURE  HMD  SPEED 

M33663H 
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80,83. 

69,77 

94.98 

J37.78 

7499.6.1 

133.1.60 

1813.60 

71.79 

81.73 

91.(3. 

£9.77 

99.98 

J3J.60 

7506.,  57 

1343.40 

J8B7.00 

71,65 

87.19 

90.73 

%  r.? 

105.88 

131.48 

7501.47. 

1351.70 

1798.60 

7), Si 

81.60 

90,79 

69.66. 

109.98 

131.80 

7305,0? 

1348.70 

1609.60 

71,66. 

81.81 

90.6.9 

60.30 

115.00 

131.18 

7495.81 

1353.60 

181 6..  60 

71.76: 

81.3) 

90.64 

69,30 

119.98 

131.60 

7304.47 

1345.60 

1870.60 

71,64 

87.14 

90.90 

90,36, 

175.08 

538.60 

7534.05 

J  365, 60 

1873,60 

f  J  *(V 

81.83 

90.79 

90,17 

130.00 

131.00 

7558.8? 

1373..  60 

1673.(0 

01  c n. 

i  t  rlH' 

81,64 

90.69 

90.07' 

134.98 

131.50 

.7578,64 

J 358. 60 

1875.60 

0  J  07 
t  J  »\»l 

87.  ft? 

90.76. 

90,75 

148.00 

131.30 

7549,33. 

1353..  60 

1870.(0 

71.79 

67.76: 

90.6? 

9J.79 

144.98 

131.70 

7535.43 

1371.78 

1814.00 

71.6? 

81.73 

90.48 

69.76, 

149.98 

131.70 

7539.59 

136.J.78 

1883.60 

71.58 

87.12 

90.66. 

90.57 

155.00 

131.80 

7538.77 

1330.78 

1799.60 

71.51 

87.29 

90.57 

90,85 

159.98 

130.40 

7538.21 

1360.60 

1866:.  (0 

71,57 

81.84 

90,37 

60,36- 

165.00 

130.50 

7544.16. 

1350.78 

1814.60 

71.73 

82.64 

90.73 

91.06. 

170.00 

138.30 

7535.08 

136.9.78 

1818.00 

71.77 

81.50 

90.6-7 

89.87 

J74.98 

130.70 

7547.08 

1374.60 

1874,(0 

7). 8) 

81.46. 

90.54 

69,95 

THE  flUERflGE  FLOW  IS:  21.7304  GPM 
THE  RUERHGE  SPEED  IS:  1813.31  RPM 
THE  AUERflGE  TORQUE  IS:  1351.28  IN-LB 


THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M3366 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS:  2589.03 


THE  STANDARD  DEUIATION  OF  THE: 

MEASURED  FLOW  IS:  .373766  GPM 
MEASURED  SPEED  IS:  27.6537  RPM 
MEASURED  TORQUE  IS:  29.6527  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  58.1555  PS ID 


THE  MAX.  OUERALL  EFFICIENCY  IS:  32.7833 
THE  MIN.  OUERALL  EFFICIENCY  IS:  80.8846 
THE  AUERAGE  OUERALL  EFFICIENCY  IS:  81.8394 

THE  MAX.  UOLUMETRIC  EFFICIENCY  IS:  91.0903 
THE  MIN.  UOLUMETRIC  EFFICIENCY  IS:  90.3658 
THE  AUERAGE  UOLUMETRIC  EFFICIENCY  IS:  90.7836 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  91.233 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  89.1516 
THE  AUERAGE  MECHANICAL  EFFICIENCY  IS:  90.1331 


PSID 


THREE  HOUR  PERFORMANCE  TEST 


PUMP  HUMBER  M3367  RUN  AT  RATED  PRESSURE  AMD  SPEED 

M33673H 


TIMF 

CUTLET 

DJFF  FRFSS 

KIN 

TRP(F) 

PSID 

fl.Wt 

132.PP 

7455.77 

5.  a? 

137.2A 

7451.41 

10.00 

J37.6P 

7455.55. 

15.  fl? 

135.30 

74S3.5P 

7fl.fl? 

133.7A 

75P5.71 

25.flfl 

133. 3P 

7507.0? 

3fl.fl? 

137.50 

7400.07 

35.00 

131. 8P 

7515.f.l 

4fl.fl? 

131.58 

2515.f.l 

45.00 

13?.3fl 

7514.00 

5fl.flfl 

132.5B 

2507.77 

55.  fl? 

131.50 

7510.74 

ffl.flfl 

131-Tfl 

7573.47 

f5.e? 

131.4A 

750P.J5 

7fl.flfl 

137.70 

2521.57 

75.  fl? 

137.50 

7570,6.1 

80.  fl? 

J37.JP 

75J0.P0 

85.00 

131.5P 

7511.05 

90.0? 

131.7P 

7510.54 

95.00 

J37.5P 

7513.57 

lflfl.fl? 

137.70 

7577.05 

JP5.0? 

13J.70 

7573.34 

llfl.flfl 

J31.P0 

7575.57 

llf..fl? 

J3J.88 

7537.70 

JTfl.flfl 

J37.7P 

7570.73 

175.P? 

J37.7P 

7577.71 

I3afl3 

137.10 

7530.57 

135. ftp 

J3J.3P 

7575.45 

14fl.fl? 

130.70 

7534.0? 

I45.flfl 

131.70 

7577.5P 

150.0? 

137.30 

7575.7) 

153.00 

J37.1P 

7574.41 

16fl.W 

J31.8P 

7535,10 

16.5.0? 

131.  fP 

7575,03. 

170.00 

131.4P 

7577,00 

175.07 

131.30 

7575.00 

18P.03 

131.10 

7533.05 

TORGIF 

SPFFP 

Fl  641 

I1HP 

RPM 

GFtt 

1344.40 

J807.C* 

71.77 

1340.40 

1004.00 

71.10 

1341.C0 

10)4.00 

71.70 

1335.00 

1076.00 

21.37 

1343.  60 

1033.00 

71.48 

1348.6* 

1030.00 

71.51 

1343.06 

1047.00 

71.55 

1340.40 

1034.00 

71.54 

1346.40 

1077,00 

21,4? 

1340.40 

1015.00 

71.37 

1343.00 

1817.00 

7J.J5 

1340.70 

1816.00 

21.70 

J35P.00 

J076..00 

71.39 

1356.60 

1837.00 

7J.5B 

1351.70 

1036.00 

71.55 

1347.00 

1040.00 

71.55 

1353.00 

1011.00 

71.60 

1345.60 

1037.00 

71.46: 

1344.70 

1074.00 

7J.30 

1343.70 

1016.00 

21.76. 

1351.60 

I814.W 

71,77 

1357.40 

1076.00 

71.37 

1354.40 

1031.00 

71.44 

1366.40 

1037.00 

71.46: 

1355.40 

1035,00 

71.55 

1350.70 

1047,60 

71.6) 

1357.00 

1030.00 

71.50 

136P.00 

1 6*30, 00 

71.35 

1366.00 

1055,00 

71.75 

J 363.78 

1014,00 

7),  19 

135.1.70 

1010.00 

71.78 

1356,00 

1070.00 

71.37 

136.7.40 

1833.00 

7J.44 

1364.00 

1030.00 

71.46: 

1374.80 

1035.00 

71.53 

1377.00 

1847.00 

71.56 

1364.70 

1836.. 00 

71.4? 

CUFRfill 

UN  FFF 

tfCK  FF 

FFFCO 

CO 

CO 

80.76 

08.57 

50.74 

75.5? 

60.57 

50.77. 

00.05 

60.50 

50.44 

75.77 

80.64 

65.  % 

80.46: 

60.77 

50.63 

75.50 

60.6-3 

50.75 

75.61 

60.77 

85,60. 

01.19 

60.% 

91.75 

6*.  54 

60.75 

50.70 

80.37 

60.78 

50.5! 

80.79 

60.56 

50,6? 

80.70 

60.74 

50,57' 

88.5? 

(0.73 

98,73 

79.77 

60.87 

85.75. 

00.53 

00.60 

58. 35 

00.60 

60.77 

50.64 

00.3) 

60.85. 

50.7.7 

80.47 

60.81 

50,59 

00.76 

60.78 

50,55 

ML  57 

08.66. 

90.  ff. 

8a  70 

60.,  59 

50.6* 

60.33 

60. 6'. 

90.97 

8a  31 

60.6.5 

50.53 

75.60 

60,54 

85.60 

80,15 

80,75. 

50.30 

80.11 

60.05. 

50.14 

80.45 

00.58 

50.8! 

79,6:7 

60.54 

50,14 

75.8) 

68.64 

90.  CC 

75,6.7 

60,45 

50.PP 

80.56. 

ML  64 

90.66 

79/56: 

60.54 

90.72 

75.75. 

60.60 

90,60 

75.69 

60.5? 

50.00 

75,14 

80.66. 

05.75. 

78.56. 

88,66. 

69.04 

75,67 

80.36 

50.!  6. 

THE  AUERAGE  FLOW  IS:  21.4063  GPM 
THE  AUERAGE  SPEED  IS:  1328. 16  RPM 
THE  AUERAGE  TORQUE  IS:  1352.85  IN-LB 
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THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M3367 


THE  AUERAGE  DIFFERENTIAL  PRESSURE  IS*  2517.86 


THE  STANDARD  DEVIATION  OF  THE: 

MEASURED  FLOW  IS:  .366288  GPM 
MEASURED  SPEED  IS:  29.0759  RPM 
MEASURED  TORQUE  IS:  27.0294  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  37.1092  PS ID 


THE  MAX.  OVERALL  EFFICIENCV  IS:  81.1872 
THE  MIN.  OVERALL  EFFICIENT  IS:  78.9624 
THE  AVERAGE  OVERALL  EFFICIENCV  IS:  80.1346 

THE  MAX.  VOLUMETRIC  EFFICIENCV  IS:  88.9608 
THE  MIN.  VOLUMETRIC  EFFICIENCV  IS:  88.3565 
THE  AUERAGE  VOLUMETRIC  EFFICIENCV  IS:  88.6826 

THE  MAX.  MECHANICAL  EFFICIENCV  IS:  91.2468 
THE  MIN.  MECHANICAL  EFFICIENCV  IS:  89.0426 
THE  AUERAGE  MECHANICAL  EFFICIENCV  IS:  90.3463 


PSID 


THREE  HOUR  PERFORMANCE  TEST 


PUMP  NUMBER  M336S  RUN  HI  RATED  PRESSURE  BHD  SPEED 

M336S3H 


Tiff 

twin 

DIF  FRF5S 

TPRfflr 

SFFP 

ri  cw 

6160511 

'XI  FF 

HFCi;  FFF 

niH 

TBf<F) 

FfJD 

1IPI  f: 

RFtt 

Gffl 

moo 

0.) 

O.) 

P.80 

128.28 

7477.44 

1337.88 

1681.88 

28. 6J 

77: 95 

86. 65. 

89.92, 

4.98 

177.58 

2588,76: 

1343.28 

1886. 88 

28.59 

78.86. 

86-76. 

58.78 

9.% 

127.58 

2588,45 

1376.88 

1805.00 

28.61 

79.15 

86.46 

81,54 

14.98 

177.78 

2588,41 

1349.68 

J 883. 88 

78.57 

77.71 

86-4) 

89.97 

28.88 

128.88 

2499.58 

1346.68 

1878.88 

78.73 

77.77 

86-25 

90,  ’4 

75.88 

177.78 

2495.89 

1331.68 

1671.68 

26.76: 

76:.  67 

66-42 

98,% 

3 0.88 

177.48 

2498,91 

1379.68 

1677.68 

28.75- 

78.68 

86.24 

at  V; 

.■ill. 

35.8? 

177.18 

7495.77' 

1328.48 

1689.88 

78.55. 

78.49 

66-85. 

9j.;0 

39.98 

177.88 

2496 .(A 

1331.88 

1807.68 

78.4? 

78.35 

86-84 

91,(5 

44.98 

176.98 

74%.  4? 

1328.88 

1793.68 

28.35 

761.44 

85.-95 

81.75 

49.98 

126..  88 

7494.67 

1346..  68 

1795..  88 

78.36. 

77.26. 

65.90 

89,93 

55.88 

177.18 

7581,15 

1353.28 

1811.88 

78.56. 

77.14 

65..  9? 

69.77 

60.88 

127.28 

7498,56 

1354.68 

1818.88 

28.67 

?6-6i2 

65..% 

69.54 

85.88 

177.18 

7499.86 

1355.88 

18)1.88 

28.J5. 

76.93 

65.94 

69.58 

69.98 

177.18 

7498.68 

1357.68 

1686. 68 

78.45 

76-63 

65.75 

(9.75 

?4.98 

177.18 

7495,68 

1335.68 

179P.68 

28.35 

< i'.7b 

65-.  73 

58.6.9 

79.98 

177.48 

2587.34 

1344.48 

1687,68 

28.37 

77.38 

85>.  63 

68.35 

84.98 

177.88 

7498,41 

1741.78 

18)7.88 

28.5) 

77,33 

65.-58 

98,47, 

98.88 

128.28 

7495.,  37 

1355. 48 

1826:,  88 

28.67 

76.3? 

85.,  45. 

69.7.? 

95.88 

178.38 

24%.  1) 

1749.88 

1676.66 

28.55. 

76.55. 

65.22' 

69. 87 

188.88 

177.98 

2497.52 

1351,48 

1819.68 

78.4) 

76.24 

84,9? 

69."  I 

184.98 

177.58 

2581.73 

1351.68 

18)4.68 

78.78 

76-18 

84.74 

69.69 

189.98 

177.88 

24%.  67 

1354.78 

1684.68 

78.18 

75..  84 

84.73 

114.98 

177.18 

2588.35. 

1358.78 

1816.88 

78,34 

75,67 

84.83 

69, 3t. 

128.88 

177.48 

2581,56 

1344.48 

1838,88 

78.5) 

76-69 

6H.89 

90.7,7 

125.88 

177.98 

7494.19 

1356,88 

1813.68 

78,38 

75>.  74 

84.82 

69,  79 

138.88 

578.58 

7495.64 

1748.88 

JW8.W 

78.27' 

76-13 

614,6.9 

69,  p? 

139.98 

127.18 

2497.5) 

1344.88 

1811.68 

78.36. 

76-78 

65.16 

68.15 

145.88 

177.58 

.2581, 7-2 

1336:.  48 

1815.68 

78,43 

77,33 

65.24 

98,7" 

t58.68 

177.98 

2497.11 

1348.48 

J  676:,  68 

78.67 

77.26. 

65.47 

:8.4  3 

ifp.de 

177.98 

7494.51 

1351.88 

1818.88 

28.49 

76.49 

65. 37 

69,  rf. 

159.98 

177.68 

2494.46. 

1341.68 

18)1.88 

78.3? 

76-88 

65,18 

90,74 

164.98 

177.18 

7497.4J 

1747.68 

1684,68 

78.3) 

76-761 

65.-26. 

f  <<,»', 

169.98 

177,18 

2497.13 

1337.68 

J799.ee 

78,26. 

77,38 

65,79 

■8.6,7 

175.88 

177.18 

7497.67 

1748.68 

1797.88 

78.23 

77.14 

65.-74 

8.46: 

188.88 

177.28 

7499.31 

1354,68 

1818.68 

78.39 

76-44 

65,33 

69.56 

THE 

RUERRGE  FLOW  I 

S:  20. 

4623  ( 

5PM 

THE 

RUERRGE  SPEED 

IS:  IS 

10.  86 

RPM 

THE 

RUERRGE  TORQUE 

IS:  l 

IN-LB 

I 


THREE  HOUR  PERFORMANCE  TEST 
CONTINUATION  FOR  PUMP  M3368 


THE  AVERAGE  DIFFERENTIAL  PRESSURE  IS:  2497.4  PS  ID 


THE  STANDARD  DEUIATION  OF  THE: 

MEASURED  FLOW  IS:  ,.498016  GPM 
MEASURED  SPEED  IS:  25.8082  RPM 
MEASURED  TORQUE  IS:  24.678?  IN-LB 
DIFFERENTIAL  PRESSURE  IS:  10.995?  PSID 


THE  MAX.  OUERALL  EFFICIENCY  IS:  79.1539 
THE  MIN.  OUERALL  EFFICIENCY  IS:  75.7416 
THE  AUERAGE  OUERALL  EFFICIENCY  IS:  77.1799 

THE  MAX.  VOLUMETRIC  EFFICIENCY  IS:  36.6505 
THE  MIN.  UOLUMETRIC  EFFICIENCY  IS:  84.6939 
THE  AUERAGE  UOLUMETRIC  EFFICIENCY  IS:  85.5823 

THE  MAX.  MECHANICAL  EFFICIENCY  IS:  91.5364 
THE  MIN.  MECHANICAL  EFFICIENCY  IS:  39.2871 
THE  AVERAGE  MECHANICAL  EFFICIENCY  IS:  90.1656 
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APPENDIX  H 

THREE  HOUR  RUN  GRAPHICAL  DATA 
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APPENDIX  I 

POWER  CONVERSION  TEST  DATA 


/fv/ 


POWER  CONVERSION  TEST 

PUMP  HUMBER  Ml 3482  RUM  RT  120  DEGREES  <F>  INLET  TEMP 


Ml 3492 


aim  ft 

TPft.  TfP 

m  n  rw 

Iff;  FSFF. 

fTJ  into 

putfut  if' 

Jlffur  HP 

(*JFK  flU 

W  FFF 

WTO  FF 

sm  DIE 

TTW) 

RPtl 

rm 

psir> 

JH4FS 

FFr4) 

CD 

(4) 

jrit3/rw 

IT.  3P 

T7RP.PP 

79. 9P 

3PPP.PR 

1456.75 

50.33 

67,41 

PR.65 

9R.03 

09,77 

7.47 

IT'.  OP 

77RP.PP 

•>0,47 

7400.HP 

1 1 75, 40 

4P.9? 

50.56. 

01,36 

97.49 

00,45 

7.57 

1''?.  Ip 

77PP.PP 

79,93 

IfPP.Pfi 

090,76 

51.55 

30. » 

01.00 

94.RR 

Of..  77 

7.% 

176,30 

7700,00 

3P.75 

1 TpP. HP 

635,94 

71.49 

77.16 

79.17 

96.64 

07.01 

7.63 

I -ip 

7700,00 

31.79 

6HP.PP 

550.30. 

10.90 

15.91 

77.60 

90.  T- 

74.19 

?.«* 

1M.PP 

77TO.W 

31.07 

7PR.PP 

141,16 

5.55 

6,05 

00.1? 

J0O.RR 

61,30 

7.77 

ITR.ffl 

7160.00 

77. 30 

3PPP.PP 

1449.03. 

39.  R4 

49,66. 

70.61 

P7.9? 

09.69 

7.59 

HR.  TP 

ymM 

77.  04 

74RP.PP 

1164.1? 

31.09 

39. 9P 

79,93 

09.75 

f  19.37 

7.44 

176,30 

?mM 

07  rr 

/•■‘mV 

im.M 

390.90 

74.30 

3A.54 

79,  ?0 

91,6? 

07.57 

7,50 

t:?.9P 

?mm 

74.P3 

IMM 

f.J  UR 

36. 6? 

70.94 

79,33. 

94.40 

05.07 

7.57 

JT.flfl 

ymM 

74.46. 

fflP.PP 

333.  Rfi 

0.47 

11.44 

73,6? 

%.Jfl 

77,06. 

7.(0 

IT.  IP 

?lffl.PP 

T.fl? 

TW.flP 

137,11 

3.54 

4.7R 

71.13 

90.41 

63.19 

?.(f- 

rfi.  TP 

1 6.70.00 

55.94 

3PRP.PP 

1446,04 

77.77 

37.74 

74,36 

03.40 

09.71 

7.7? 

135, IP 

m» 

If..  3! 

?4RR,flP 

1136.11 

77.69 

yp.7? 

76.33 

05.45 

09.9) 

7.33 

J79.9P 

J67P.PP 

if.,  f.? 

JORH.PP 

007.9? 

17.33 

7/M 

76.30 

07.33 

00.3? 

7.30 

174, 4P 

1670.00 

17.30 

17W.0P 

607.96 

17.19 

15.50 

70.60 

91. 1J 

06.27 

7.46 

171.  W 

If.7P.PP 

17.06 

fPP.PP 

571.66. 

6.J3 

0.77 

74.16 
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POWER  CONVERSION  TEST 

PUMP  NUMBER  Ml 3481  PUN  FiT  180  DEGREES  <F>  INLET  TEMP 


Ml 3481 
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POWER  CONVERSION  TEST 

PUMP  HUMBER  Ml 3492  RUN  AT  120  DEGREES  <F:>  INLET  TEMP. 
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POWER  COWERS  I  ON  TEST 
PUMP  NUMBER  Ml 3491  RUN  ftT  ISO  DEGREES 


Ml 3491 
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POWER  CONVERSION  TEST 

PUMP  HUMBER  Ml 3502  RIJN  RT  126  DEGREES  <F>  INLET  TEMP 
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49.47 

77.87 

83.6J 

87.77 

m.  30 

7160.0P 

71.43 

7400.00 

1139,00 

79.85 

39.7? 

75.03 

86.89 

86..  94 

173.50 

7160.00 

77.11 

5000.00 

(88.48 

73.06. 

30.58 

76.4) 

89.6? 

85.84 

f?5, 00 

7560.00 

77.70 

5700.00 

603.73 

13.83 

70.67 

76.59 

97.37 

83.37 

177.B0 

7160.0P 

73.30 

600.00 

379.7) 

8.14 

55.78 

77.1? 

95.63 

76.5? 

J59.40 

7)60.00 

74. 7! 

700.00 

137.3! 

3.75 

5.40 

39.43 

98. 18 

33.31 

177.10 

16.70.00 

14.77 

3000.00 

1476..03 

74.88 

36..  68 

67.8? 

77.53 

88.78 

575.4(5 

16.70.00 

14.06. 

7400.00 

1143,03 

70.84 

79.45 

70.77 

80.87 

87.94 

J75.4P 

1670.00 

13.64 

5000.00 

070.00 

16. 33 

77,36. 

73.07 

84.33 

86.87 

571.70 

1670.0P 

16.36. 

1700.00 

393.69 

55,4) 

J5.3J 

74.5) 

88.4? 

84.38 

117,70 

1670.00 

17.17 

600.00 

3)0.31 

3.89 

8.58 

77,87 

97.33 

79.54 

117,70 

5670.00 

17.76 

700.00 

133.46. 

1.93 

3.43 

36..  86. 

96.05 

(0. 9? 

537.5P 

5000.00 

0.71 

3000.00 

1437.04 

14.30 

74.64 

38.04 

66.56 

87.60 

J7J.20 

1080.00 

0.06. 

7400.00 

5141.00 

17.40 

19.33 

63.45 

75.80 

88.37 

m.% 

5000.00 

0.31 

5000.00 

(564.93 

9.89 

14.87' 

66.73 

77.09 

87.38 

176.68 

5000.00 

10.16 

1700.00 

3R1.70 

7,0) 

9.97 

70.34 

82.40 

86,6? 

1 75.50 

1000.00 

10.06. 

600.  «t 

307,96 

3,73 

3.19 

75.80 

88.09 

83.17 

575.90 

1000.00 

11.40 

700.00 

JJ9.0f! 

1.74 

7,03. 

60.16 

92.40 

70.83 

117.  80 

730.00 

3.30 

3000.00 

146.9.46. 

6.13 

17,49 

33,17 

40.90 

85,7? 

J3B.90 

730.00 

4.70 

7400.00 

1143.39 

6.69 

J3.63 

49 .86 

55.95 

87.98 

531. PP 

730,00 

3.  ($ 

5000,00 

(60.9! 

5,9) 

18.2? 

37.8? 

65.94 

87.99 

174.90 

730.00 

6.76. 

1700.00 

303.09 

4.46. 

6,93 

64,  ?4 

73.54 

86,79 

575.70 

730.00 

6.30 

600.00 

798.66. 

7,79 

3,33 

64.45 

76.9? 

84.35 

174.4P 

730.00 

7.33. 

700.00 

113.76. 

0.78 

1.33 

57.89 

85.78 

77  OO 
»  *»*Cv 

THE 

MRX. 

OVER  RLL 

EFFICIENCY* 

IS: 

.  \  .  >■'  002 

THE 

MIN. 

OWER  RLL 

EFFICIENCY 

IS: 

35. 1657 

THE 

mr:-:  . 

SIMPLE  DI 

SPLRCEMENT 

IS: 

2.63814 

/n 


sjm  nr. 

jrit3/mi 

7,30 
7.37 

7.44 
7,51 
7,58 
7.64 
7.7\ 
7.79 
7.36 

7.44 
770 
7. 5R 
7.PK 
7.13 

7.73 

7.33 

7.44 

7.53 

1.76 

I. 89 
7,03 
?,!  7 
7.3? 

7.44 

J. 08 
1.48 

5.74 
5,93 
7.03 

7.76 


POWER  CONVERSION  TEST 

PUMP  NUMBER  Ml 3561  RUN  AT  ISO  DEGREES  <F>  INLET  TEMP 


Ml 3501 


ftmrr 

HR.  STEP 

nu  n  ow 

HR  FflF6c. 

fifl.T  TfRfi 

nrmrr  jf 

JIFIIT  JF 

PUFR  ft  i 

UCt  FTF 

NTH  FTF 

c.Jf!  DJ5 

mr<F) 

RFtt 

an 

PAD 

JNH.RS 

FFFC/.) 

(>.) 

<X) 

jut  3 .'rw 

jpj.tp 

m» 

77.  % 

3PPP.PP 

J444.79 

39.37 

fJ.P7 

63.55 

77.58 

f!7.74 

!  .93 

J9J.SB 

779P.PP 

73.tr. 

74PP.PP 

JJ65.39 

37.33 

49.93 

f4.7f 

79.67 

PI.  54 

1.46. 

JPJ.4P 

779P.9P 

74.)  7 

JSPP.PP 

PPP.34 

75.  TP 

37. 7  J 

66.93 

P3.J? 

W.95 

7.P7 

JS7.JP 

7799. PP 

75.34 

J7PP.PP 

596. ?P 

17.66 

55,55 

84.J5 

87.  If- 

74.68 

7.J7 

JP7.1P 

77PP.PP 

07  or, 

fPP.PP 

37f..PP 

9.(7 

13,97 

69.99 

93.71 

77.85 

7.33 

JP7.PP 

7799. PP 

79.  PP 

7PP.PP 

J57.87 

4.P7 

f..55 

f?,77 

JPP.PP 

5J.PP 

7.49 

J96.3P 

7J6P.PB 

If..  7? 

3PPP.PP 

1469.74 

7P.41 

59,37 

5f..4P 

7P.P5 

PP.PJ 

1.74 

J9P.5P 

7J6P.9P 

17.57 

74PP.PP 

JJf4,PP 

74.37 

39.97 

f  J.P4 

75.3? 

PJ.57 

J  .87 

mM 

?mM 

IP.  14 

JPPP.PP 

P74.49 

JP.93 

29.97 

63.  J6 

77.48 

81.58 

1.44 

JP7.9P 

7J6P.PB 

14.07 

J7PP.PP 

597.35 

J3.7? 

7P.47 

64.56 

PJ.97 

79.54 

7.P4 

JP4.9P 

71fP.9P 

7P.74 

fPP.PP 

3J4.P7 

7,18 

JP.76 

66.67 

P9.J7 

75.  f4 

7.77' 

J7P.7P 

7J6P.PP 

OO  70 

7PP.PP 

J  38. 74 

7.7J 

4.75 

5f.% 

97.9J 

57.PP 

7.44 

7PP.PP 

JfTP.PP 

9.PJ 

3PPP.PP 

1451,99 

J7.P9 

37,3? 

45.  PP 

5f..73 

PJ.P! 

5.48 

193. PP 

1MP.W 

JJ.PP 

74PP.PP 

1156.63 

J5.35 

79.73 

51.  f4 

63,95 

P7.J5 

J  .57 

1PP.4P 

Jf.7P.PP 

1.7.13 

JPPP.PP 

969.77 

J?.f.7 

77.34 

56.69 

69.5? 

81,48 

J.73 

JPP.PP 

Jf.7P.PP 

17.84 

J7PP.PP 

585.84 

p.pe 

15.96 

59.63 

73.67 

PI.P9 

1 .83 

JP4.PP 

lf.7P.PP 

14,44 

fPP.PP 

3PJ.75 

r.w 

7,7f. 

64.96 

87.76. 

78.73 

?.9f. 

J76.7P 

tf.7P.PP 

Jf..f.J 

7PP.PP 

JJ7.P3 

j.p? 

3.P3 

6P.74 

94.64 

6.7.78 

7,35. 

744.50 

JPPP.PP 

3.PP 

3PPP.PP 

J44J.f54 

f.7J 

75.56 

76,77 

33.33 

79.63 

P.P3 

71?.  40 

JP8P.PP 

4.44 

74W.PP 

JJ7P.7? 

6.76 

?P.Pf. 

3J.7P 

3P.f4 

81.17 

8.46. 

147.4B 

JPPP.PP 

fi,f4 

JPPP.PP 

969.79 

5.47 

J4.P9 

4P.PP 

4P.4P 

8)  .44 

J.7J 

JPP.3P 

1P8P.PP 

f..7J 

17PP.PP 

577.99 

4.f5 

9.P? 

47.36- 

57.77' 

87,43 

J  ,44 

181,50 

JPPP.PP 

8.59 

fPP.PP 

799,9! 

7.97 

5.14 

57.  PP 

73.  P? 

79.7J 

J  .84 

J7P.6P 

JPPP.PP 

JP.f4 

7PP.PP 

JJP.27 

l.PP 

J.P9 

56.95 

9P.63 

7J.8S4 

7.75 

THE 

mat:. 

OVER  ALL 

EFFICIENCY 

IS: 

64. 1474 

THE 

MIN. 

OVER  ALL 

EFFICIENCY 

IS: 

26.2655 

THE 

MAX . 

SIMPLE  DI 

SPLACEMENT 

IS: 

2. 48766 

/f? 


TOWER  CONNERS I ON  TEST 

PUMP  HUMBER  Ml 35 12  RUN  AT  120  DEGREES  <F>  INLET  TEMP. 

Ml  35 12 


otmrr 

Iff',  3PFTT) 

rr.i  n  ou 

TV  FRFSS 

nu  tvq 

wnpirr  v 

IlflfT  V 

OUER  «t 

UCI  FTT 

IfTH  FFF 

SJM  MS 

TfTf'T ) 

Fin 

Gftl 

F5.JD 

J1HFS 

FFF(7.) 

(7.) 

CO 

jrit3/rpv 

177.  Ift 

2700.00 

79,90 

39V,  V 

1437.73. 

39,74 

91. 59 

91.37 

99.39. 

90,90 

7. 47 

174. ftp 

ym.  v 

'ft  70 

74  V,  V 

1)59.93 

49,91 

49.  V 

97.34 

97.19. 

919.99. 

7.5) 

179.  V 

77 W.V 

79.9? 

1909.00 

994.59. 

31.73 

37.99 

97.4? 

93.P4 

99.35 

7.59. 

MM 

77V,  V 

30.73 

J 700.09 

9)9.75 

71.29 

26.51 

99.79 

99>.  39 

94,71 

7.93 

m.x i 

77V, V 

31.40 

9V.V 

33P..  jr. 

19,91 

J4.49 

73.39 

99.47 

77.04 

7.9.9 

110.49 

ttv.v 

31,99 

7V.V 

13t..33 

3,39. 

5.94 

93.71 

1V.V 

93.9.9 

7,73 

130,40 

71V.  V 

77',  14 

3PV.V 

1410.10 

39.33 

4ft.33 

79.77 

99..  77 

97.37 

7.37 

131,  V 

7190.V 

77.  93 

74V.  V 

1132.29 

31.51 

39.49 

79,79 

09,7) 

99.43 

7.47 

13P.IV 

71V.  V 

73.71 

19V.V 

072.9f, 

74.15 

.79,97 

99,73 

90,97 

09,33 

7.49 

173.70 

71V.  V 

73.91 

17V.V 

903.74 

K.,V 

,79.9.7 

99,31 

93.77 

09..  37 

7.59. 

173,J0 

7190.V 

74.33 

ve.v 

379.  V 

9,39 

11,79 

73.99 

99-,  74 

79,73 

7.93 

MM 

71V.V 

75. 1 1 

7V.V 

133,33 

3.49 

4,95 

73,15 

99,43 

94.07 

7.9.9 

179.V 

Jf.TP.V 

13.37 

3VP.V 

J4J9..99 

.77,17 

39..  47 

74.47 

91.39. 

91.93 

7.7? 

131,40 

1P70.V 

13.% 

74V.  V 

JJ49.97. 

77.7? 

79,33. 

73.,  79. 

9:3,44 

91.33 

7,70 

m.% 

1970.V 

It'..  7* 

J90P.V 

0T0. 14 

17,14 

72.  V 

77.7) 

93.49 

91.07 

7.31 

170,70 

If.TP.V 

17. 10 

17V.V 

3ffi.JP 

11.7%. 

15.17 

77.79 

09.37 

PP.30 

7.44 

1/1, ?p 

19.70,  W 

17.R7 

9V.V 

317,7.1 

9.,  13 

9,93 

79.,  37 

93,13 

03.44 

7.34 

i 77, ifi 

If.70.Wi 

tp..4». 

7V.V 

177,97 

1.93 

3,79 

39.9.9 

99..  30 

9.7.94 

7.93 

131.3P 

1009.90 

7.43 

3PV.V 

1413.13 

19, 49. 

74.7? 

9.7.99 

77  07 

I  t*r  .'l» 

97,19 

?.«? 

131,  V 

Jim  09 

ft.  79. 

'MV.V 

1134.% 

13,91 

19.43 

9.9.% 

79..  34 

9),9J 

7,09 

13ft,3P 

1PV.V 

1ft.  V 

190P.V 

VI,  IP 

19,5) 

14.79. 

71.73 

79,97 

99,79. 

7.19. 

P7.V 

t  pv.v 

ift.  % 

17V.  V 

373.91 

7,39. 

9.97 

74.73 

95,33 

90.47 

7.70 

1! 

1VP.V 

f!  ft? 

fV.V 

705.39: 

3.97 

5.79 

73,49. 

09.,  79 

93,97 

7.37 

vrv,T t 

1990,90 

1  1  _  07 

7V.V 

114.79 

J.  10 

1,97 

39.15 

97',  7  J 

75.95 

7.33 

133.V 

930.  V 

0.50 

39V.V 

1474,47 

1 1 ,37 

19,79. 

90,59 

V.3? 

91.45 

1.0) 

13! , IP 

970,09 

7-0! 

74V.V 

1133,39 

9,77 

14,% 

95.34 

71,35 

91,79. 

1.93 

131. 9P 

Poft.V 

7.39 

19V.V 

V1.97 

?,%. 

1)  35 

9.7.45 

74,37 

90,99 

7.03 

M.  (ft 

939.V 

7.77 

17V.  V 

379,39 

5.39 

7,9.3 

79,39 

79,3) 

99.93 

7.19. 

173.1 'fl 

930.  V 

0.70 

rv.v 

794.99 

7.94 

3.99 

77,99 

04,79 

99,37 

7.31 

1ft?. 90 

930,  V 

ft.P1 

'MM 

199.97 

9.94 

1,45 

95.  J 1 

91.97 

79,  V 

7.51 

THE 

MAH . 

OUER  ALL 

EFFICIENCY 

IS: 

95.2Q92 

THE 

MIN. 

0"ER  ALL 

EFFICIENCY 

IS: 

5S. 6851 

THE 

MAH. 

SIMPLE  DI 

SPLACEMENT 

IS: 

2.72811 

alCrO 


POWER  CONVERSION  TEST 

PUMP  NUMBER  M13511  RUN  RT  180  DEGREES  <F>  INLET  TEMP 


Ml 


1  1 


cum  FT 

Iff.  TFFT> 

fw  ncu 

trr  mcs 

BVJ  TffQ 

Gurnn  if 

TWP'D 

RFM 

GW 

PSJD 

JIHR5 

191, PB 

TTPP.PP 

75.97 

3FW.PP 

1414.60 

45.35 

m.w 

77PP.W 

7f.Pl 

74W.8P 

J14?.lf 

37.37 

Iff..  TP 

77PP.PP 

77.47 

JPPP.PP 

874.36- 

78.65 

Iff.  TP 

77PP.PP 

78. 6.7 

1700,00 

594.07 

19.PP 

1P1.JP 

77BP.PP 

3P.73 

6PP.PP 

378.57 

IP.  31 

1P3.PB 

77BP.PP 

7.1.J9 

7PP.PP 

137.P1 

4,65 

195.5P 

716P.PP 

19.  Jf 

3PPP.PP 

1406.79 

33,44 

187.50 

7166.  RP 

7P.P9 

74PP.PP 

1145.77 

77.% 

19B.5P 

716P.P8 

7P.P7 

JPPP.PP 

P64.93 

71.68 

181,40 

7160.00 

77.  PP 

1700,00 

597.73 

15.78 

JB4.4P 

7160.00 

73.78 

fPP.fP 

317.46- 

P.P? 

1 PI,  78 

7160.00 

74,51 

7W.PP 

177.46- 

?.9f 

191,  PB 

1f.7P.PP 

13.74 

3PPP.PP 

1418,87 

73.  (5 

183.50 

1f.7P.PP 

13.87 

74PP.W 

1 134.54 

19.76. 

191. PP 

Jf.7P.PP 

14.47 

JPPP.PP 

86.1.13 

15. 1.7 

1P7.PP 

Jf.7P.PP 

If.  77 

1700.00 

571,63 

10.68 

IfB.PB 

Jf.TP.W 

16.5P 

fpp.pp 

307.93 

5,71 

J7T..40 

16.70.P0 

17.08 

7PP.PP 

119.76. 

1,99 

199.8B 

1PPP.PP 

7,  If 

3PPP.PP 

1437.48 

17,49 

197.78 

1PPP.PP 

7,63 

7400,00 

1149.0! 

IP.  67 

Iff  .TP 

JPPP.PP 

P.37 

1PPP.PP 

Pff.43 

P.7P 

IPT.fP 

1080.00 

9.47 

1700.00 

fTf.TP 

f.f3 

IP!. 98 

JPPP.PP 

IP.  43 

fpp.pp 

799,41 

3.fP 

17P.5P 

JWP.PP 

11.55 

7PP.PP 

JPP,f4 

1.77 

722.7 P 

S3P.PP 

3.9P 

3PPP.PP 

J45J.59 

f.P3 

TPf.PP 

P3P.6B 

4.76- 

74PP.PP 

1 157.67 

f.64 

J94.5P 

P3P.PP 

f.f3 

1600.00 

864.31 

5,76. 

1P6.4P 

ffP.PP 

f,73 

17PP.PP 

503.19 

4,76. 

181.50 

870.00 

7.51 

fPP.PP 

795.48 

7.T5 

1P7.W 

P3P.PP 

P.f? 

7PP.PP 

189,73 

P.PP 

IHPUT  If 

GMFRfli 

g«  FFF 

IffV,  FFF 

sjw  dip 

FFTtt) 

(7.) 

<W 

inff/rf-v 

6B.6B 

74.P3 

(S3,  If 

90.06 

7.7/ 

49.  If 

75.93 

65.98 

PP.P4 

7 ,79 

37.46. 

T6..48 

87,93 

P7.4? 

7.35, 

75.45 

78. 13 

91.78 

85.79 

7.45 

14.08 

73.76 

%.93 

77.55 

?  Cft 

5.66 

87.78 

JPP.W 

64,34 

7.6.7 

4P.Jf 

69.43 

76,80 

9P.fs5 

7.05 

39.75 

71.74 

PP.5P 

PP.99 

7.15, 

79.64 

73.14 

S3, 66 

58.37 

7,73 

7P.3P 

75.3P 

PP.49 

86.05 

7.36. 

IP.  71 

74.91 

93.30 

PI  ,54 

7.49 

4.37 

f7.7P 

9P.74 

66.63 

7.6,7 

3f..47 

63.  J9 

78.76. 

89.79 

J.P9 

79.  If 

66..03 

73.85 

89.633 

5,97 

77.  J4 

68.3? 

77.33 

PR.  76. 

7,06- 

14.6.9 

77.66 

PJ.fl 

88.15 

7,18 

7.79 

73.78 

88.61 

84.1) 

7,36 

3.P7 

64,95 

95,56 

75.7;' 

7.55' 

74.55 

50.86. 

57.36. 

PP.93. 

53 

19.69 

53.96. 

61.70 

fP.TP 

1.63 

14.83 

re.  66 

67.07 

88.37 

1.79 

9.86. 

f6,7P 

75.54 

PP.5P 

7.0? 

5.13 

6.9.7P 

83.63 

85.18 

7.73 

J.Pf. 

66.34 

97.55 

7P.JP 

7.47 

19,17 

35.73 

4P.73 

87.76. 

1 , 09 

15.  IP 

43.71 

49.63 

PP.4? 

1 . 3? 

1J.38 

5P.  63 

57.63 

PP.44 

1.54 

7.i.I 

55.,  5) 

65.0) 

8'.7, 38 

1,73 

3.P9 

fs5.fl 

7P.37 

Pf.,73 

?,P9 

1.45 

6P.7? 

90.41 

77.4P 

7.41 

THE  MRU.  OUER  RLL  EFFICIENCY  IS:  82.2802 
THE  MIN.  OUER  RLL  EFFICIENCY  IS*.  35.7263 
THE  MRU.  SIMPLE  D I SPLRCEMENT  IS*.  2.66819 


JO/ 


POWER  C  GNUERS  I  ON  TEST 

PUMP  NUMBER  Ml 3522  RUN  RT  129  DEGREES  -CF>  INLET  TEMP. 


nmrT 

TftR,  STfTT» 

rw  n  hi 

TfR  PW3T. 

AM  TffSl 

firrpirr  if 

Jtfirr  if 

fWFR  Hi 

Utt  FfF 

NFCH  FFF 

C.)H  M3 

inrcn 
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POWER  CONVERSION  TEST 

PUMP  NUMBER  Ml 3542  RUN  AT  120  DEGREES  <F>  INLET  TEMP. 

Ml 3542 
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THE  MAX.  OVER  ALL  EFFICIENCY  IS:  89.3834 
THE  MIN.  OVER  RLL  EFFICIENCY  IS:  55.485 
THE  MAX.  SIMPLE  DISPLACEMENT  IS:  2.74625 


POWER  CONVERSION  TEST 

PUMP  HUMBER  Ml 3541  RUN  AT  ISO  DEGREES  <F!>  INLET  TEMP. 

Ml  3541 
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THE  MAX.  0','ER  ALL  EFFICIENCV  IS:  31.0127 
THE  MIN.  OUER  FILL  EFFICIENCV  IS:  40.  1907 
THE  MAX.  SIMPLE  DISPLACEMENT  IS:  2.68944 


<207 


PUMP  MUMPER  M: 


POWER  CONVERSION  TEST 
52  RUM  RT  120  DEGREES 


INLET  TEMP. 
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POWER  CONVERSION  TEST 

PUMP  NUMBER  M23551  RUN  AT  ISO  DEGREES  -F -  INLET  TEMP. 
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349. ?4 

11.33 

J3.3? 

73.1ft 

97.43 

74.74 

7.(7 

197,4ft 

;mpp 

37.91 

Tftft.ftft 

Jfft.P3 

3.71 

7.3ft 

3ft.  79 

Jftft.W 

37.63 

7.77' 

193.9ft 

rmM 

Tft.Tf 

Tftftft.ftft 

145B.J3 

7ft,4J 

3). ft? 

7ft.  ?f. 

7ft.  ft? 

(8,91 

7,14 

t93.?ft 

774P.W 

7.1.79 

74ftft.ftft 

1J9ft,7? 

3ft,ft7 

47.3? 

71.63 

87.75 

(:7,1ft 

7.73 

J89.9F 

774ft. ftp 

77,  P3 

JPflP.ftft 

9P9.P5 

73,3ft 

37,34 

77.  (ft 

%.,?) 

(3.49 

7.37. 

19ft.  7ft 

774P.PP 

73.71 

ITflft.ftft 

(79,7ft 

)f..(8 

77'.  3? 

74.37 

9ft.  P3 

87,4ft 

7.43 

1P3.PP 

7m  ftp 

74.7P 

fftft.ftft 

343.(3 

P.79 

17.79 

71.33 

94.11 

73.ftJ 

7. 7ft 

1P3.7P 

7m  ftp 

73.43 

Tftft.Pfl 

148.P9 

3,7) 

3.79 

(ft.  (ft 

%.(4 

3P..P3 

7,  ft? 

19ft.  4ft 

KftP.ftP 

J4.(3 

3ftPfl.ftft 

J4PJ.(.T 

.74.97 

39.49 

ft?.  97 

74,  )J 

ft?,  3ft 

7.  ft) 

J9S.JP 

Kftft.ftP 

J3,3(. 

?4ftft.ftft 

11(7.73 

7). PP 

31.  (ft 

(ft.  ft? 

7ft, ft? 

ft?. 33 

7,14 

)P4,7ft 

1(88,  ftp 

Jf..4f: 

lftftft.ftft 

9P3.7J 

lft.97 

74,ftft 

7ft.  4ft 

?3,4ft 

(ft.!? 

7.7? 

IPl.ftft 

5  (ftp.  ftp 

t?,4P. 

JTW.flft 

ft77„73 

J7.J3 

1ft.  39 

73. 7ft 

(8.4) 

(3,34 

7. 4ft 

1(5,  ftp 

Kftft.ftP 

IP.  !( 

fftft.ftft 

S3?.* 

ft.fft 

ft,ftf. 

74,04 

91,93 

7ft,  RJ 

7. 7ft 

177,  WH 

Kftft.ftP 

Jft.ft? 

Tftft.ftft 

133.7ft 

J.PP 

4.14 

43.47 

93.34 

33,ft9 

7.7ft 

TftJ.fft 

11  IP,  ftp 

P.79 

fftft.ftft 

14(3.74 

14.4ft 

7f..ftJ 

33.,  33 

(.7.94 

(8.37 

1.7) 

tr?.w 

1 1 7ft,  ftp 

9.77 

74ftft.ftft 

1 19), (.7 

37.99 

71,1ft 

ft),  33 

71.53 

ft?,  ft? 

1.93 

1P9.9P 

JJTft.ftft 

IP.  ft9 

lftftft.ftft 

9W.P9 

Jft.f.7 

Jft.ftft 

(ft,P3 

7ft.  (3 

(f.,%. 

?.flft 

JPP.ftft 

117ft.  (8 

10,85 

JTftft.ftft 

(.13.39 

7.P.J 

1ft.  94 

71,4ft 

87,89 

84,7'? 

7.73 

JPf.'ft 

JITft.fiP 

!1,k7 

fftft.ftft 

33ft,  94 

4,7ft 

3.ftft 

71. 3ft 

(8.33 

7ft.  33. 

7.4ft 

l%,  1ft 

n  TP.  ftp 

17.3ft 

Tftft.ftft 

J33.PP 

1.31 

7,3ft. 

(3,93 

93,43 

(4.94 

7.74 

TftRTft 

r^p.pp 

3.7ft 

TPftft.Pft 

J433.P9 

3,47 

17.91 

47. 3ft 

4ft.  ftp 

(9.77 

J.37 

19P.4P 

mftp 

4.  ft? 

74ftft.ftft 

1591.39 

3.(7 

1ft,  59 

53.ft5 

ftl.Tft 

87.04 

1.(8 

197,  Ip 

mftp 

4.W. 

JPftft.fft 

PPP.17 

3,  ft) 

7.89 

(3.4? 

7ft.  ft? 

(7,3ft 

1.97' 

1 9ft,  3ft 

r*  p.  ftp 

3.P4 

JTftft.ftft 

Jf.J7.7P 

14.33. 

74,7ft 

7ft,  5? 

37.13 

?.ftft 

Iff,,  ftp 

f/ft.ftft 

(.,79 

fftft.ftft 

37f.,33 

7.71 

7. 9ft 

7ft.  73 

93.39 

79.43 

7,  (ft 

IP?, (ft 

'Vft.ftft 

f.ftft 

Tftft.ftft 

174,% 

ft.fft 

1.7ft 

33.  ft? 

91.73 

(4.P4 

7. 48 

THE 

MRU . 

OUER  RLL 

EFP ICIENCV 

IS: 

8G.2791 

THE 

MIN. 

OUER  RLL 

EFFICIENCV 

IS: 

24 . 7789 

THE 

MRU. 

SIMPLE  DI 

SPLRCEMENT 

IS: 

2.71522 

C 7^/3 


POWER  COWERS  I  OH  TEST 

pi.  imp  NUMBER  N23S81  RUN  AT  1 80  DEGREES  < F  "*  INLET  TEMP. 

M23  W 1 


mm  ft 

TfU,  CJTFI' 

ff  ,i  n  nu 

T*  P0F55 

9P.1  TIPP 

OUTPUT  HP 

JHRE  IP 

NFR  f*l 

Urt  FFF 

(f  m  ITT 

519  r»r. 

Slf'S' 

RFtl 

rm 

9819 

HHFP 

FTTtt) 

<59 

W 

jfitl.'rvJ 

i«5.5P 

'mw 

77. 1 1 

38tt,88 

1433.10, 

47.48 

03.0-7 

74.38 

87.10 

99.79 

".74 

1^.98 

•mstt 

79, 79 

7499.99 

1137.80. 

38.03 

31.77' 

77.49 

80.,  93 

99,19 

?  34 

184.78 

7088.88 

79,?? 

1988.88 

099,10. 

31.99 

39.19 

78.78 

89.97 

88.01 

7.45 

178, 3fl 

7888.88 

31,79 

1799.99 

097,39 

71.89 

70..  77 

8).  45 

94.33 

(0.39 

7.57 

188.39 

mro 

3?.4f 

999.99 

371.47 

11.39 

14.78 

78.14 

88.4? 

89.87 

?.({■■ 

187,38 

mw 

33.99 

799,99 

143.7) 

3.33. 

0.4? 

87.39 

189.99 

59.4? 

7.77 

.198.48 

'<■48,  PP 

79.73 

3B8A.99 

1437,88 

33.78 

39,83 

08.39 

70.04 

99.7) 

7.88 

180.09 

884P.PP 

71.34 

7499,99 

1130.38 

39.9f. 

41.  IJ 

73.13 

81.0.1 

89.91 

7,77' 

184.  AP 

884P.PP 

7.09 

1999.99 

0170..  97 

73.00 

31.14 

73.88 

05.97 

89.87 

7.34 

179.79 

7748.98 

74.19 

1799,99 

383.39 

10.83 

71.99 

78.77 

91.39 

87.08 

7.47 

J87.98 

7748.88 

75.3? 

199.99 

313.1? 

8.83 

JJ.13 

78.30 

90..  19 

83.87 

7.02 

183.  IP 

748.88 

70.(0 

799.99 

118.99 

3.39 

4.70. 

77.51 

98.71 

77.78 

7.0.9 

189.59 

\mM 

13.99 

3999.99 

1473.35 

74.97 

37.93 

03.39 

09.  J  5 

91.31 

1.88 

198.78 

1089.88 

14.08 

7499.99 

1149,31 

79.47 

39.0? 

00,80. 

74.97 

98.34 

7, 97' 

187.88 

1888.88 

13.14 

1999.99 

007.8T. 

10.78 

73.13 

79.47 

78.81 

89.8? 

7.15 

Iffl.  Hp 

mw 

)?,)7 

1799.99 

397,09 

11.87 

J5.f? 

70.98 

00.40. 

88.43 

7.35. 

179.  W 

10.88.89 

19  ”*9 

199,99 

793,09 

0.78 

8.J9 

77,00. 

87.38 

05,57 

7.51 

183. 98 

1(99. 99 

19.99 

799.99 

1)0.38 

7,99 

3,1) 

0.7.18 

95.94 

74.33 

7.0! 

199.99 

1)79.99 

7.11 

39 99.99 

1479.17 

17,4) 

73.49 

4f:.88 

53.(0 

99,85 

1.4? 

183.78 

1)79.99 

P.90 

7499,99 

1149.81 

11.73 

79.77 

35..  4) 

0.J.95 

91.15 

1.00. 

188.  TP 

1)79.99 

9.19 

1f0fl,98 

093,89 

8.0? 

15,33 

0.7,04 

0.9,5? 

99.77 

1,89 

185.78 

1)79,99 

19.71. 

)7f9,99 

399.73 

7.13 

19.3? 

0.8.39 

77.73 

88.53 

7.17 

18F.7A 

1)79.99 

11.41 

t'98,98 

789.70. 

3.81 

5,39 

73,81 

(0.47 

87.10 

7.35- 

197.88 

1)79,99 

17.39 

799.09 

1018.04 

1.30 

1.83 

09,0? 

93.79 

78.84 

7.54 

•73.58 

7199,99 

3,99 

3999.99 

1478,18 

3,70. 

18.14 

78.91 

3). 87 

98,85 

9.87 

198.88 

999.99 

4.37 

7499.99 

1143,83 

0.19 

14.5? 

47.93 

40..  38 

98.88 

1,70 

Iffl.TP 

999.99 

3,18 

1999.09 

873..  99 

3,88 

11.98 

33.13 

59.0.7 

88.33 

1 .0? 

187.0.8 

999,99 

093 

1709.09 

381.80. 

4.73 

7,39 

04.90. 

77.41 

89.34 

1,97 

*78.SP 

999,99 

7.99 

099.99 

783.73 

7.77 

3.73 

77.33 

83.08 

(8. 85' 

7.78. 

17.48 

999,99 

9.91 

799,09 

194,  95 

9.83 

1.3? 

77,98 

91.33 

83,78 

7.4° 

THE 

MAX. 

C"  ,'ER 

ALL 

EFFICIENCV 

IS: 

82.2978 

THE 

MIN. 

OUER 

ALL 

efficiency 

IS: 

29.014 

THE  MAX.  SIMPLE  DISPLACEMENT  IS: 


/  S' 


POWER  CONVERSION  TEST 

PUMP  NUMBER  M23592  RUN  AT  120  DEGREES  <F>  INLET  TEMP. 


nmn 

TfR,  cffFT> 

ff>j  n  ru 

Tfft  PRESS 

AM  TCKG 

(WRIT  HP 

1HVT  IF 

cwft:  hi 

UM  FIT 

fftH  FTF 

9JH  MS 

Tnf(F) 

RFW 

fPH 

FSW 

JN-1RS 

FFTtt) 

<V.) 

int3 /m» 

J77.7R 

W 

30.77 

3000.00 

1430.70 

?3,79 

f3,9P 

04.10 

91.30. 

'17.70. 

7.34 

.177.70 

TOOO.OO 

3). 43 

7400,00 

tjf.l.f.9 

43.00 

?}.f.) 

04.07 

93.79 

91.37 

7.39 

tr/.ifi 

7000.00 

37.17 

JH0.<0 

091.73 

33,0? 

39,00 

04.90 

93.30. 

09.33 

7.05 

173.(0 

;moo 

37.79 

J  760.00 

f.14.4J 

77,01 

77.30 

03.37 

97.33 

00.30 

7.70 

173.40 

?«0.flO 

33.37 

000,00 

330.70 

JJ.49 

14.94 

70.9) 

99.00. 

70,91 

7.73. 

177.70 

7000.(0 

33.00 

moo 

144.37 

6.11 

f..4J 

93.7? 

100.00 

0J.79 

7.70 

J7F..70 

7740.00 

73.93 

3000,00 

J473.07 

Ai.Tf. 

30,0! 

R7.5J 

(0.(0 

93.19 

7.4? 

174.30 

7740.00 

74.49 

7400.00 

1133.70. 

34.10 

40.99 

03.10 

90.09 

97,04 

7.33 

177.40 

7740. OO 

7fi.)7 

JfW.OO 

077.33 

76. 76 

31.10 

04.03 

93.4) 

90.74 

7.00 

119,10 

7746. 00 

75,76 

1700.00 

397.3? 

10.0? 

71.00 

05.7P 

95.03 

09.3? 

7.00. 

117.00 

7740.00 

7f..31 

000.00 

3?f.,0f. 

9.00 

11.07 

77.97 

97.05 

01.19 

7,71 

J!fS.9P 

7740.0P 

%M 

700.(0 

149.7? 

3.77 

3,30 

70.17 

90.93 

39.77 

7.73 

J70.7K 

1000.(0 

If..  73 

7000.00 

1473.00 

79.14 

37.93 

70,0? 

07.70 

93.74 

7.30 

1 77.06 

JfW.W 

17,47 

7400.00 

1140.07 

74.30 

30.0? 

79.01 

00.43 

97.39 

7.40 

tT.Jft 

Jf0P.0O 

10.07 

1000.00 

Of- 9. 03 

10.79 

73.19 

01.fi? 

09.4) 

9). 3? 

7.40 

177.00 

10.90.00 

19.05 

1700.(0 

391.10 

13.03 

13.70 

07.70 

97.77 

09.79 

7.50. 

176.50 

U4W.M 

19.17 

T00.00 

31 1 .90 

f..?f. 

0.3? 

70.00 

94.03 

05.07 

7,04 

110.40 

1f.90.00 

19."' 

7(0.00 

131. 30. 

7.13 

3,50 

00.70 

90.77 

07.34 

7,09 

177.00 

1170.00 

10.14 

*».W 

1419.3? 

17.71 

73.77 

70.77 

73.70 

93,40 

7,09 

174. tn 

1170.00 

10.71 

74(0. (0 

! 147.00 

14.90 

70.31 

73.33 

79.30 

97,00 

7.7J 

1  71.  BP 

1170.00 

11.3P 

1000.00 

Of. 1.3? 

J1.77 

J3.3J 

70.96 

03.04 

97,43 

7.33 

119.70 

1170.00 

11.  W 

ITW.PO 

3P3.9) 

0.70 

10.41 

70.70 

07.34 

90,f6 

7.43 

117,00 

U70.W 

17.71 

O0P.OO 

301.90 

4.  If. 

3,37 

77.33 

90.04 

07.00 

7,57 

117.70 

1170.00 

17.49 

7(0.00 

110.74 

1.33 

7.  JO 

03.74 

97.71 

74,01 

7.50 

J3R.70 

770.  (0 

4,9? 

7O(0,OP 

J4?7,73 

0.39 

10.  fO 

31.70. 

37.15 

91.33 

1,59 

133.00 

776.00 

3.09 

7400. (0 

1J30.1? 

0.7? 

13.73 

07. 1? 

07.99 

91,0s? 

1.09 

179, f0 

TV.  60 

f.,4? 

1f<0.(0 

906.33 

0.77 

9.90 

06.37 

74.37 

91,0? 

7. 07 

571,30 

moo 

f.,9? 

1 710.00 

?70.70 

4.03 

0,01 

73.14 

00.70 

01.79 

7.73 

171.00 

776.(0 

7.7f. 

fOO.OO 

301.00 

?.?P 

3.43 

77.39 

03,07 

07,93 

7.33 

110,00 

770.06 

7.7ft 

TW.OO 

111.7? 

0.00 

1.77 

03.1? 

09.70 

79.31 

7.49 

THE 

MAX. 

ce  iep 

RLL 

EFFICIENCV 

IS: 

95.2245 

THE 

MIN. 

O'  'EP 

RLL 

EFFICIENCV 

IS: 

51.7594 

THE 

MAH. 

SIMPLE  DI 

SPLACEMENT 

IS: 

2.77892 

POWEP  COHUERSION  TEST 

Pi  IMF-  NUMBER  M23591  PUN  RT  180  DEGREES  <F>  INLET  TEMP 


MOMS? I 


nmn 

Tff.  TTP) 

fiij  now 

Tff  PHS? 

(IW  TC1RB 

ftnptrr  ir 

INPUT  IF 

WJFR  fill 

uc«  rrr 

1*79  FFF 

SIM  OK 

TFNPtn 

m 

mi 

pun 

W-l F8 

m ■<» 

<•/.) 

CO 

intTr-w 

197.  PP 

tppr.pr 

77. 99 

?MM 

1440.79 

48.6? 

64.  P) 

77..% 

P7.91 

91,97 

7.79 

19), 4P 

79PB.9P 

78.fr? 

74PP.PP 

Ilf?. 7? 

4P.19 

71.64 

77.94 

96..  76 

9P.79 

?,  76: 

J97.7R 

rmM 

38.01 

1800.00 

879.64 

71.  TS 

79.  Pf: 

pp.74 

9P.14 

99.46. 

''.46: 

Iff.  JR 

tppp-pp 

31,74 

I/W.pp 

601.16 

71.60 

76..  7) 

pp.99 

97.9? 

97.77 

7.76 

m.% 

79PP.PP 

37. 46 

fpp.pp 

373.. 4? 

11.77 

14.77 

78.77 

97.7P 

91. IP 

7.66 

176.80 

mw 

33.30 

7PP.PP 

171.64 

4.71 

f.74 

64.P4 

JPP.PP 

77.66 

7, 77, 

m.  ip 

7749,99 

7P.PP 

7PPP.W 

1479.77 

36.46. 

TP.  77 

71.97 

79.P9 

91,97' 

7.17 

MI.  PP 

:?4P.9P 

71.7? 

74PP.PP 

11 TP. 91 

TP.  .76. 

4P.91 

77.99 

91,6k? 

91.17 

7.74 

197.7P 

7749. PP 

77.99 

1800.00 

974.77 

74.  P? 

31.09 

77.76. 

96.77 

99,96. 

7.77 

16P.3R 

7749.  PP 

74.74 

17PP.PP 

779.79 

17.77 

7P.77 

94.P4 

91.77 

9P.77' 

7.71 

19P.3P 

774B.  BP 

7?.  47 

69B.PB 

711.49 

9.91 

JJ.P7 

79.77 

97.47 

94.71 

7.6? 

J6P.7P 

WP.PP 

?f..  13 

7PP.  PP 

143,85* 

7.7) 

7,11 

64.77 

99.  P9 

69.79 

7.6.9 

199. BP 

urn  bp 

13.67 

7PPP.PP 

1474, TP 

77. 99 

79.77 

f?.4f 

69.47 

91.44 

1.99 

197,69 

mpp 

14.80 

74PP.PP 

1I49.7P 

7P.97 

79.67 

69.J9 

74.06. 

91.76 

7. 97. 

187. JO 

ifpp.pp 

16. 1 1 

19W.BB 

96 4.87 

)f,% 

77.  PP 

77.76 

99.63 

99  f) 

7.71 

J94.4B 

169B.9B 

17.09 

17PP.PP 

799,19 

11,99 

17.71 

77-.  f. 9 

83.37 

:.)M 

7.3? 

194.99 

K6R.BB 

69B.PB 

303.40 

6,74 

9. 99 

79. 4  J 

91.74 

96..  46. 

7.7) 

m.w 

166P.BB 

I9.3P 

7PP. PP 

117.71 

7.17 

7.17 

69.14 

%.fl 

74.69 

7.6.7 

7B6.1B 

1170.00 

7.96 

7PPP.PB 

1449.79 

17,41 

28.74 

49.  ?P 

33.03. 

9P.77 

1,46. 

19?.  9P 

I l?B.BB 

9.B7 

74PP.W 

1177.9? 

11.18 

.79.96, 

77.6.) 

69. 79 

69.79 

1.66 

197. PR 

1 ITp.pp 

9.4? 

1F00.00 

971.79 

9,94 

17.49 

64.75 

7P.97 

80.7? 

1.6? 

'96. TP 

117P.PP 

IP.  4? 

I700.P0 

797. PR 

7.77 

IP.  49 

70.31 

79,46: 

99.69 

7, 16. 

177.90 

HTR.BB 

11.61 

MM 

796.74 

7,99 

7.77 

77.77 

97.16 

88.48 

?,3f' 

I79.4R 

1I7P.PP  17.3? 

700,00 

108,65* 

1.71 

1,97 

6.7.66 

97.76. 

69.79 

7,77 

m.  ?p 

77P.PP 

7.6P 

3PBP.BB 

1497, IP 

4,79 

J7.P9 

76..T7 

TP.  77. 

07  70 
\  • »  »  1  / 

P.97 

WJP 

77P.BP 

7.77 

74PP.PP 

1191,74 

7.71 

17,  fl 

79.71 
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7PP.PP 

145. 3R 

7.P9 

4.15 

74,  (7 

JW.PP 

f5,f5 

TO. 

1440.00 

If.  77 

75PP.W 

1330.90 

74.4? 

TP.  59 

79.07 

P9.5P 

PP.99 

TO'.  IP 

1440.00 

If..  95 

7PPP.PP 

1070.41 

19.00 

74.59 

PP.5? 

9P.PP 

PP.5P 

17P.JP 

1440.00 

17,  IT- 

J5W.W 

P7T.7P. 

15,00 

IP.  79 

fO.75 

97.79 

Pfi.97 

177.  5P 

1440.00 

17.5! 

1PPP.PP 

%?.(« 

IP.  17 

17.9? 

77.99 

97.79 

P3.9f. 

171. TP 

1440.00 

10.07 

5PP.PP 

797.  ff 

5,«. 

f>.BP 

P7.77 

%.57 

».Pf. 

171.  TP 

144P.PP 

10.30 

7PP.PP 

174.55 

7.77 

7.P7 

PP.f-5 

9R.77 

7P.P4 

174.9P 

1000.00 

11.07 

75PP.PP 

177P.7P 

17.15 

77.(7 

75.  P? 

03.33 

9P.75 

177.70 

1000.00 

11.94 

TPPP.PP 

IPff.TP 

17.P9 

IP.  71 

75.  Pf. 

P5.7P 

(9.77 

1000.00 

17.  IP 

J5PP.PP 

PPP.f.J 

11.01 

17.77' 

PP.74 

Pf..% 

P9.7P 

m.  4P 

1PPP.PP 

17.40 

1000.00 

547.90 

7.77 

9.  TP 

79.77 

09.10 

P7.7P 

179, 10 

10BP.PP 

17.  Pf. 

5PP.PP 

797. TP 

7,95 

5.03 

7P.5P 

97.75 

PJ.Tf. 

J75.7P 

JOPO.OO 

J3.40 

7PP.PP 

173.  1 

l.Pf. 

7.1) 

ff.TP 

%.7P 

77.47 

TO:.  TP 

ppp.pp 

7.74 

75W.PP 

17P9.7P 

11.77 

jf.e? 

f.7.50 

74.59 

91  .PI 

TO'.  IP 

fff.PP 

P.19 

TPPP.PP 

JP4P.49 

9.(7 

17.71 

77.74 

7P.97 

90.97 

J7J.90 

PPP.PP 

p.?p 

JfPP.PP 

797.94 

7.4P 

IP.  17 

77.  P7 

79.07 

P9.ff 

1.77.  TP 

ppp.pp 

P.95 

JPPP.PP 

543.40 

5.17 

0.90 

74.77 

Pf.,75 

P7.7P 

Ilf..  IP 

PPP.PP 

9.77 

5PP.PP 

?P7,4f. 

?.7f. 

7.fs5 

75.  ff 

P9.P9 

P7.9P 

117.90 

PPP.PP 

9.P5 

TPP.PP 

J77,f5 

5.7? 

J.57 

P4.75 

94,99 

77.P9 

THE 

mr::.  OUER  RLL 

EFFICIENCV 

IS: 

88.6478 

THE 

MIN.  OUER  ALL 

EFFICIENCY 

IS: 

67. 5771 

THE 

MRU.  SIMPLE  DI 

SPLfiCEMEHT 

IS: 

2.99467 

sjm  r>ic. 
irit3/rw 

7.7? 

7.PP 

7.(7. 

7.P9 

y.% 

7.% 
?.ff 
7.7; 
7.7? 
7.?.) 
7.(9 
7.94 
7.5P 
7.S 
?.ff 
7.(7 
7.79 
7.PP 
7.7? ; 
7.77 
7.79 
7.5P 
7.(9 
7M 


J30 
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tpr,  ppm 

aw  now 

TOR  PRF55P 

ff)j  tiro  firmer  if 

JNRff  Jf  1 

HMFR  « 1 

Urt  FTT 

trru  nr 

tjw  dip 

TFIf<F) 

RFft 

CTtf 

rs  IP 

JNHFK 

FTF(7.) 

CO 

00 

>rrt3-'r*v 

101. IP 

1000.00 

70.  f? 

7500,00 

1335,31 

79.70 

3P.J4 

70.0? 

90.47 

07.10 

7.05 

107.00 

mw 

70.03 

7000.00 

J 074. 37 

73,07 

30.00 

77.0? 

91.37 

PLOT 

7.0-7 

184.70 

1000.00 

7J.0P 

1*500.00 

793.00 

JP.3J 

77,05 

00.00. 

97.49 

fO.Of. 

7.71 

107.50 

1 POP. 00 

71.47 

JOOO.OO 

544,09 

J7.97 

15.54 

03.14 

94.19 

05.50. 

7.70. 

101.50 

1800. OP 

77.  ir 

roo.oo 

7P3.ro 

0.39 

0.10 

70,00 

97,10 

07.09 

7,04 

179.90 

JPPP.PP 

77.79 
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J33.08 

3.)  7 

3,0? 

01.01 

100.00 

09.05 

7.93 

187.50 

1440.00 

ir.ir 

7500.00 

1370.03 

77.75 

30.30 

73.45 

03.09 

07.77 

7.43 

103.50 

J44P.P0 

?5.3? 

7000.00 

1003.40. 

1?.* 

74.30 

73.0:7 

04.00 

07.05 

7.40. 

jw.ro 

1440. PO 

15,75 

!roo.oo 

797,  75 

J3.0O 

10.77 

74.0.7 

P0..39 

07.59 

7.53 

177.70 

1440.00 

JO. 

JOOO.OO 

rro.34 

9.5f. 

17.70 

74-90. 

90.0,7 

03.30 

7,05 

J75.4P 

1440.00 

17.17 

500.00 

705. 74 

4.90 

0.5? 

75.1? 

93.90 

01.00 

7.75- 

175,70 

! 440. 00 

17.77 

700.00 

J70..95 

7,07 

7.90 

97'.  PO 

97.17 

73,34 

7,04 

JP5.30 

JOPO.OO 

JO.  79 

7500,001 

J339.73 

J4.74 

77,% 

04.71 

75.74 

B0..B? 

?.;* 

181. PP 

1000.00 

10.  *5 

7000.00 

JOf.J.Tf. 

17,74 

10.19 

07.79 

77.  ir 

07.0-9 

7.70. 

181,00 

!  000.00 

JO.  99 

iroo.oo 

000,09 

9,03 

13,00. 

09.40. 

00.33 

Of..  33 

7. 35. 

J7p.ro 

JOPO.OO 

JJ.4J 

JOOO.OO 

510.31 

0..BJ 

0,80 

70.03 

03.4? 

09,  W 

7,44 

j  7?..ro 

JOPO.OO 

J7.30 

roo.oo 

779. 4f 

3,00. 

4.79 

70..  53 

90.5? 

03,79 

7.05 

179.00 

JOPO.OO 

17.07 

700.00 

J74.PO 

1.00 

7.J4 

70.55 

95. 7  J 

74.00 

7,70 

197.70 

PPO.OO 

7.47 

7500.00 

J3J7.7J 

11,  05 

10.00 

00.33 

73,70 

00.00 

7,10. 

197,00 

POP.  00 

0..0.J 

7000.00 

JW0..P9 

7.PP 

13.70 

59.30. 

05.7? 

09.PU 

1.91 

105.70 

POO. 00 

7  77 

»  »  !  v* 

iroo.oo 

704,70 

0.44 

9.7J 

00..  31 

71.39 

91.31 

7.09 

J77.PP 

POO,  00 

7.94 

JOOO.OO 

531.40 

4.50 

0.75 

07.00 

70,37 

07.00 

7.79 

175.30 

POP.  00 

P.O.? 

roo.oo 

774. PI 

7.47 

3,49 

70. 7P 

05.13 

04,70 

7.49 

181.10 

POO.  00 

9.40. 

700.00 

JJ0.57 

1.77 

1,40 

07.  JO 

93.30 

79.07 

7.73 

THE  MAY 

.  OVER 

ALL.  EFFICIENCY 

IS: 

92.0752 

THE  MIN 

.  OVER 

ALL  EFFICIENCY 

IS: 

59.3601 

the  hr:--: 

.  SIMPLE  DISPLACEMENT 

IS: 

2. 92506 

J3/ 


rrn.iFP  CONUERSIQN  TEST 

rntir  HUMPH- '  ri3*'t.7::  PUN  Fit  120  DEGREES  <F>  INLET  TEMP. 
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Tf .  rwr> 

ft* 

rru  n  cm 
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«nm  %• 
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99.91 

77.00 
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•mw 
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lf0.91 

?.«: 
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97.77 
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39.49 
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1449.(0 
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?4.97 
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77,(3 

99.74 

97.4J 

1440.99 

19.93 

TWP.W 
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19.73 

7f..33 

77.34 

99.93 

97.31 

l'C.t'0 

1440. W 

19/0 
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m.7i 

14,99 

70. 3f. 

73.99 

99.99 

99.44 

r"'.  •*< 

•440. 

17,44 

1999.09 

t'94.79 

9.9F. 

14.93 

(*..(9 

93.19 

73.(6 

it  970 

’440.00 

1?,C9 

309.99 

71. 9, 94 

3.17 

9.43. 

91.73 

93.43 

(4.9J 

M9.c0 

1440.PP 

tf:.  34 

790.99 

139. 7? 

1.05 

3.39 

31.(0 

97,99 

(0.97 

!?<.70 

•W.W 

n(«v? 

7300.(0 

1444.fr* 

If..  97' 

74.73 

97.94 

97'.  99 

C7.71 

rT.rT 

1W.99 

11,73. 

7000.00 

117T..3T. 

13.71 

79.14 

(0.99 

93.97 

91.37 

tT 

IW.RP 

17, 17 

1900.00 

f«!.93 

19.44 

13.73 

(0.3? 

99.33 

(0.94 

177.70 

1W.99 

r,9! 

1(00,00 

997.  f? 

7.49 

19.97 

74,33 

99.99 

91.33 

•flpp.flp 

13,94 

MM 

313.43 

3.93 

3.41 

71.31 

97.99 

73,79 

It?. 99 

IW.» 

t?,49 

790.00 

141.33 

1.39 

7.43 

(3.39 

93.49 

97,33 

147.30 

791.  W 

4,99 

T00.P0 

1446,90 

(.,(.) 

17.77 

39.39 

47.79 

97.37 

CS.Pfl 

730.99 

r.,<3 

7(00.90 

1139,% 

(..37 

J3.79 

47,(0 

37,93 

(7,47 

I'T.Tp 

739.99 

7,19 

1900.00 

9(9. 37' 

(..77 

19.33 

(0.19 

73.7? 

C7.49 

ir.qp 

730.90 

9,47 

19(0,00 

9J4,9f. 

4.97 

7,3? 

93.9! 

99,93 

77,73 

174.f<P 

791.  99 

9,99 

900,00 

314.74 

7.3? 

3,73. 

9?.94 

99,97 

73.9? 

173,79 

730.99 

9,99 

MM 

131, (.1 

9,99 

J.37 

97,49 

93,79 

?:/3 

THE 

MAX . 

ONER  FILL 

EFFICIENCV 

IS: 

77.546 

THE 

MIN. 

OUER  FILL 

EFFICIENCV 

IS: 

38.3842 

THE 

MAN. 

SIMPLE  DISPLACEMENT 

IS: 

3.00287 

sjh  rus 

j|(T7TfV 

y.n 

2.70 
7,9? 
7.9(t 
7.9? 
3.90 
7.93 

7.97 
?.?? 
?.m 

?,p? 
?.94 
7,49 
7.f.J 
7.?e 
7.7 9 
7.79 

7.97 
1.44 
1.74 

7.71 
7.9J 
7.(4 
7M 


1 


POWER 

PUMP  NUMBER  M33682  RUN 


CONUERSION  TEST 
RT  120  DEGREES 


•:f:> 


INLET  TEMP. 


M33682 


oimn 

TflR,  TO) 

pp.f  nou 

Tff  1W- 

PftJ  TCPft 

(WRIT  If 

JKVT  If 

WFR  fill 

Utt  FFF 
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TOf<F> 

RPtl 

(W 

FTP 
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FFFOD 

<•/.) 

<>.:> 
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13,40 

ifPO.PO 

70.56 

75PP.0P 

177P.17 

79.  re 

77.99 

79.65 

97. 7f. 

65,63 

7. (A 

JT6-.4P 

1PPP.PP 

7P.60 

7PPP.PP 

1069.60 

74,75. 

TP.  55. 

79.70 

97.  6? 

05..  IP 

?,60 

ir>,?p 

J60P.PP 

71,75 

150P.PP 

977.1? 

JP.4f. 

77.77 

17.(1 

95.,  75 

07.13 

7.77- 

ti9.% 

1PW.W 

71.5? 

1PPP.PP 

560.79 

)?,35 

J6.» 

17. ’A 

9f.,5P 

01.31 

7.76 

m.r# 

1000.00 

71,97 

500.60 

709.79 

f.,7? 

9.95 

71.40 

90.50 

77.54 

7.61? 

1600.00 

77.71 

7W.PP 

147.97 

7.9? 

4.?? 

60.05 

JOP.W 

61.6? 

7.646. 

174.10 

144P.PP 

1f..fP 

75PP.PP 

1773.99 

??.f.9 

3P.4P 

74.43 

07.69 

05.39 

?,5) 

ITf.PP 

144P.PP 

16.  P? 

7PPP.PP 

1075.57 

IP.  54 

74.57 

75.43 

09.7f. 

04.77 

7.57 

17?.% 

144P.PP 

16.76 

I5PP.PP 

015.61? 

14.P9 

19.64 

75.6? 

91.74 

07 .77 

7.6.1 

13..  4f« 

144P.PP 

ff.M 

JPPP.PP 

55f.59 

9,57 

17. 7f. 

75.  P? 

97.77 

01.56. 

?,67 

171.  TP 

1440. PP 

17-Pf. 

5PP.P0 

79P.5J 

4.P4 

6.9? 

71. PP 

95.5? 

76.3) 

7.74 

ITP.PP 

144P.PP 

17. 76 

7PP.PP 

145.4? 
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3.7? 

55.57 
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IP.  15 
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66..P4 
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17P.JP 
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9,3? 

74.09 
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1060.00 

17.47 
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797.04 

7.57 

5.PP 

71.77 

97.17 

70.PP 

7.6.7 

JIN TP 

10OP.0P 

17.  J  7 

7PP.PP 

177.4? 

1.75 

7.79 

59.76 

90.50 

60.79 

?,5<9 

177.40 

rto.pp 
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1799,70 
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14.77. 
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67.50 
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TPPP.PP 
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7.4P 
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71.75 
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7.FP 
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77P.PP 
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9.75. 

60.54 

01.70 
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4.77 

f.,14 
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77P.PP 
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7PP.PP 
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1.50 
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97.74 
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THE 

URN. 

ONER  ALL 

EFFICIENCV 

IS: 

7Q  “TOT 
»  y  m  JL'w' 

THE 

MIN. 

ONER  RLL 

EFFICIENCV 

IS: 

55.  5288 

THE 

Mt-tX . 

SIMPLE  DI 

SPLRCEMEHT 

IS: 

2.86261 

C&33 


POWER  CONVERSION  TEST 

PUMP  NUMBER  M336S1  RUN  RT  180  DEGREES  <F>  INLET  TEMP. 

M33681 
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APPENDIX  K 

ENDURANCE  AND  DURABILITY  TEST  PROCEDURES 
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MILITARY  SPECIE  I  CAT  ION 
PUMPS,  HYDRAULIC,  OIL,  FIXED  DISPLACEMENT 
2 ‘>00  PS I  (MAXIMUM  WORKING  PRESSURE) 

••  \'V‘V 

•:•••>_.  Thi  v  spec.'  fi  cation  covers  the  2^00  pounds  per  sc  ..  •  i.  (psi 

u .  •t-T.ent,  gear  or  vane,  hydraulic  pumps  for  use  on  stationary  and 

od;  meat. 

Glass  i  flcation.  Hydraulic  pumps  shall  be  either  gear  or  var.e  of  the 
ing  types,  as  specified  (see  6.?): 

Type  I  -  Single. 

Type  II  -  Double. 

API’J  i CARLE  D iCUMKNTS 

The  foil  wing  documents  of  the  issue  in  effect  on  date  of  invitation 
is  request  for  proposal  form  a  part  of  this  specification  to 
•*•••;  .‘verified  herein: 

1 IGA'!  I  ;NS 

1'  ■ ;  ’tL 

i'Pf'-B-f/Dl 
KTT’-P-t  PI 
IPP-R-636 


l-.'-C  -■  0 

! 


-  Boxes,  Wood,  Cl eated -Plywood. 

-  Boxes,  Wood,  Nailed  and  lock -Corner. 

-  Boxes,  Ship  r  ins’,  Fi  If-rloard  . 


MIL-i'-L  J6YiiA(ME) 
22  August  1973 
SUPERSEDING 
MIL-P-5?675 

It  January  10/0 


32,  0 


r;  T-i'-t.wu 


PPr-T-bC 


X  EL-P-llu 
MEL-3-1.  1 

MIL-P-','!* 


m  i:  -T-  •  • 

MLL-c-ioi*. 


M  IL  -H-yo Do 
MIL-H-6033 

MIL-v-^2607 


STANDEE'S 


-  Boxes,  Fibr-rboard,  Oi'rviVJ, 
Tr  : p  le -Wall . 

-  Tape:  Ffickn'in Waterproo:  . 


-  I  rose r vat  j  >r.,  Me  1  sous  of. 

-  Barrier  Material,  Gre  iseproofed, 
Waterproofed,  Flexible. 

-  !  later.,  I.-:e:iti  fiLTiti  jn,  Instruction 
ana  Marking,  Blank. 

-  T !'•**! I  ent  and  Paint  i nr  of  Materiel. 

-  I.  j:  1  :  l  a'  ■  r.  g  Ml,  Interval  ij  j  us  i  or. 
Vnrine,  Tactical  Service. 

C 1  •  ;  1  vs.m,  *  ■ '  ■ . ..4,  :  ra  .1/ j  c  , 

General  Requirements  for. 

-  Hv  1  raul  i •:  Fluid,  Petroleum  r--.se ; 

A. i -raft  ana  M*  .3  nance. 

-  Hydraulic  Fluid,  FetroleuTi  Base, 
for  Preservation  and  Testing. 

-  Valves,  Relief,  Hydraulic  Pressure. 


Mi  li  t  avg 


m  pi -s :d- L05 

rj. ;T-  i?9 
MlL-S'i'D-130 

MIL-LTD-EW 

M53931U 


-  Cfir.pl ing  Procedures  and  Tv.Mt,  for 
Inspection  by  Attributes., 

-  Marking  for  Shipment  and  St -ra;e. 

-  Identification  Marking  of  US 
Military  Property. 

-  Test  Methods  for  Construction  and 
Industrial  Machinery. 

-  Fort,  Mounting  Face  Dimensions 
Hydraulic,  f-Rolt  Cp  1  i t-Fl ar.L.e 
Type  Hose  and  Tube  Connect  ions , 

0  to  P,(T)0;  P ,  *.00 ;  an  i  3,(  •Ol  pH  I. 


(Copi-s  of  spec  :  f !  .-at  i  ,-is  vii  st. an  Ear  is  .  • -pjir'-n  Iv  r.«.ppl  lers  an 
r.n-.-c  L  ■  o  i  v  i  t  h  :  :  *•••  i  fie  ;.••••••'.  '-nt  •*U'ict  i  ViS  s-vul  i  be  it  :•  ;  -,ed  f  r  3 

e  :  v  y  -  •  •  •  •  i  i  y  .  •  .•  •  0  -  -  >i  ••  •• .  ) 
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P.2  Other  publications.  The  following  documents  form  a  part  of  this 
specification  to  the  extent  specified  herein.  Unless  otherwjse  indicated, 
the  issue  in  effect  on  .ate  of  invitation  for  bids  or  request  for  prop* ■.-.a  1 
shall  apply. 

NATIONAL  BUREAU  OF  STANDARDS 

Handbook  1I?8  -  Screw-Thread  Standards  for  Federal  Services. 

(Application  for  copies  should  be  addressed  to  the  Superintendent  <•*. 
Documents,  Government  Printing  Office,  Washington,  DC  PO^OP.) 

NAT  IONAL  FLUID  POWER  ASSOCIATION 

TP.p.l  -  NFPA  Recommended  Standard  Method  for  Extracting  Fluid  .'la-.:  !•». 

(Application  for  copies  should  be  addressed  to  the  National  Flui  i 
Power  Association,  P.0.  Box  L9,  Thiensville,  WI  5309 P-) 

SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

SAE  Flan db 00k . 

(Application  for  copies  should  be  addressed  to  the  Society  of  Auto¬ 
motive  Engineers,  Two  Pennsylvania  Plaza,  New  York,  NY  10001.) 

UNIFORM  CLASSIFICATION  COMMITTEE,  AGENT 

Uniform  Freight  Classification. 

(Application  for  copies  should  be  addressed  to  the  Uniform  Classification 
Committee,  ATTN:  Tariff  Publishing  Officer,  Room  1106,  PP2  South  Riverside 
Plaza,  Chicago,  IL  60606.) 

NATIONAL  MOTOR  FREIGHT  TRAFFIC  ASSOCIATION,  INC.,  AGFNT 

National  Motor  Freight  Class: fi cation. 

(/.pnl  i  cat  ion  for  copies  should  be  addressed  to  the  American  Trucking 
Ar  son  TO  ions,  INC.,  ATTN:  Tariff  Order  Section,  l6lb  P  Street  NW, 

V  ;  r  h  i  r.g ton ,  >  C  POO 36 .  ) 
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3.  REQU IR  KME  NTS 


3.1  Qualification.  The  pumps  furnished  under  this  specification 

shall  be  a  product  which  has  been  tested,  nas  passed  tne  qualification  tests 
specified  herein,  and  has  been  listed  on  or  approved  for  listing  on  the  applic¬ 
able  Qualified  Products  Lists  (see  6.3). 

3-2  Description.  The  pimps  shall  consist  of  the  housing  or  body,  the 
internal  pumping  elements,  drive  shaft  and  all  other  accessories  necessary 
to  fora  an  operable  pump  to  produce  power  for  a  hydraulic  system  when 
driven  by  an  engine,  an  engine  driven  transmission  or  other  type  of  drive. 

Hie  rump  shall  deliver  oil  from  its  discharge  port,  into  the  hydraulic 
s_. .  n . 

3.3  "  ■  •  ’  Is.  .•.•■rials  r  hall  be  ;..v  and  as  specified  herein. 

Materials  not  specified  shall  be  selected  by  the  supplier  and  shall 
be  subject  to  all  provisions  of  this  specification. 

3-3-1  Metals .  A1 l  metals  snail  be  compatible  with  the  oil,  temper¬ 
ature,  function,  service,  and  storage  conditions  specified  herein. 

Unless  protected  against  electrolytic  corrosion,  dissimilar  metals  as 
defined  in  MIL-T-704  shall  not  be  used  in  intimate  contact  with  each 
other. 

3.3«2  Mate r i al  e  -mnat i  b  i  1  i tv .  All  nonmetallic  components  of  the 
pumps  shall  be  compatible  with  lubricating  oils  conforming  to  MIL-L-2104, 
grade  10;  CONOCO  PN-600,  type  I;  Emory  'i?0o;  and  hydraulic  fluids  conforming 
to  MIL-H-S606  and  MJL-H-60V3. 

3.4  Environmental  conditions.  The  pumps  shall  be  constructed  to  operate 
titroughout  the  environmental  conditions  specified  herein. 

3.4.1  low  temperature.  After  having  been  stored  at  a  temperature  of 
minus  65°  F.  plus  or  minus  F.  for  a  period  of  not  less  than  12  hours, 
the  pumps  shall  operate  with  an  oil  temperature  of  minus  F.  plus  or 
minus  5°  F.  The  pumps  shall  also  meet  the  operating  and  performance 
requirements  specified  herein  when  operated  witn  an  oil  temperature  down 
to  minus  1^°  F.  plus  or  minus  5’  without  malfunction  or  damage. 

3-4.2  Cnntan  i  riant  tolerance  level.  When  tne  pump  is  tested  as 
specified  i n  5 . 5 . ? . 2 .0 ,  the  1000  hours  contaminant  tolerance  profile  shall 
not  drop  below  or  cross  the  profile  on  fi  'ire  1. 
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3.5  Performance.  The  pumps  shall  be  capable  of  developing  a  discharge 
pressure  of  2,500  psi  at  rated  flow  and  at  all  speeds  from  600  rpm  to 
115  percent  of  rated  speed  without  permanent  deformation  a-id  damage, 
when  operated  with  an  inlet  oil  temperature  of  150®  F.  plus  or  minus 
5®  F.  and  a  minumum  (numerically  greater  than)  inlet  pressure  of  5  inches 
of  mercury  vacuum  The  rated  speed  shall  be  the  maximum  at  which  the 
pump  will  operate  continously  and  meet  the  endurance  requirements  spe¬ 
cified  herein;  and  shall  not  exceed  the  manufacturer's  maximum  "-e commended 
continuous  operating  speed.  When  required,  the  operating  speed  may  be 
less  than  the  rated  speed  specified.  The  rated  flow  shall  be  the  amount 
of  oil  expressed  in  gallons,  delivered  by  the  pump,  per  minute  at  rated 
speed.  P.ated  flow  and  speed  shall  be  as  specified  (see  6.2). 

3-6  Efficiency.  When  operated  at  2500  rpm  and  at  an  oil  temperature  of 
I5.O0  F.  plus  or  m . :  us  5®  F. ,  t.r.e  initial  overall  efficiency  (combined 
hydraulic  output/ineohanical  input)  of  the  pump  shall  be  not  less  than  75  per¬ 
cent  for  flow  rates  equal  to  or  less  than  15  gpm  and  shall  be  not  less 
than  3C  percent  for  flow  rates  greater  tnan  16  gpm  for  a  pressure  range 
of  1000  psi  to  2500  psi.  A  maximum  drop  in  efficiency  of  4  percent  may 
be  acceptable  after  endurance  test.  The  efficiency  of  a  dual -pump  (when 
applicable)  shall  be  determined  by  using  the  combined  pump  flow.  The 
efficiency  of  flow-controlled  pumps  shall  be  determined  with  the  flow- 
control  element  removed. 

3.7  Proof  pressure.  Trie  pumps  shall  withstand  a  minumum  p’-oof  press¬ 
ure  of  3750  psi  when  tested  as  specified  in  4. 5. 2. 2. 2  without  damage  or 
external  leakage . 

3-3  Endurance ■  Tine  pumps  shall  neet  the  efficiency  requirements  and 
shall  show  no  evidence  of  damage  or  external  leakage  after  1000  hours,  of 
continuous  operation  as  specified  in  4. 5.2.2. 4. 

3.9  Oil-  The  pumps  shall  perform  as  specified  herein  with  the  following 
oils : 

MIL-L-2104  -  Grade  10  -  For  0®  F,  to  plus  220"  F. 

temperature  range. 

CONOCO  DM  -  600,  type  I;  -  -  For  0°  F,  to  minus  65°  F, 

and  Emory  3?08.  temperature  range. 

3-10  leakage.  The  pumps  shall  show  no  evidence  of  external  leakage 
when  tested  as  specified  herein,  except  that  the  shaft  seal  leakage 
shall  not  exceed  3  drops  per  hour  upon  completion  of  endurance  test. 
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3-11  Mounting  flange  and  drive  shaft.  The  pump6  shall  have  two-bolt 
mo'ontlng  flange  and  involute  spline  drive  shaft  in  accordance  with  SA£ 
J744.  A  combination  of  a  two-bolt  and  four-bolt  configuration  in  one 
adapter  may  be  acceptable  for  pump  tvo-bolt  mounting  i'lange. 

3.12  Porta,  All  ports  of  3/4-inch  and  smaller  nominal  size  shall 
conform  to  SA£  J51I4  straight  thread  O-ring  boss,  and  shall  be  limited 
to  l/4-inch,  3/8-inch,  l/2-inch  and  3/4-irich  sizes.  Ports  larger  tl^an 
3/4-inch  nominal  size  shall  conform  to  MS 39344.  Outlet  ports  shall  be 
large  enough  to  limit  the  oil  velocity  to  a  maximum  of  20  feet  per 
second.  Suction  ports  shall  be  of  a  size  to  permit  entry  of  oil  with 
a  maximum  inlet  port  velocity  of  6  feet  per  Second. 

3.13  Tiireads .  Straight  threads  conforming  to  Handbook  H?8  shall  be 
used. 


3.14  Lubricat ion.  The  pumps  shall  be  self-lubricating  by  meaiS  of 
the  oil  circulating  within  the  pump. 

3.15  Direction  of  rotation.  Rotation  of  the  pumps  shall  be  clock¬ 
wise  or  counterclockvi se  as  specified  (see  6.2),  when  viewed  from  drive 
shaft  end.  The  pumps  snail  be  suitable  for  operation  in  both  directions 
of  rotation.  Reverse  rotation  may  be  accomplished  by  dismantling  and 
repositioning  internal  components  as  necessary.  Change  in  direction  of 
rotation  should  be  accomplished  without  the  addition,  removal,  or  replace¬ 
ment  of  any  component  part.  Direction  of  pump  rotation  shall  be  perma¬ 
nently  marked  on  a  reversible  metal  tag  attached  by  screws  to  the  mount¬ 
ing  flange. 

3.16  Interchangenbi lity .  All  parts  having  the  same  manufacturer ' s 
part  number  shall  without  modification  be  directly  and  completely  inter¬ 
changeable  with  respect  to  installation  and  performance.  Selective 
fitting  shall  be  permitted  when  such  fitted  parts  are  identified  as  an 
assembly. 

3.17  Seals.  The  construction  of  packing  glands  and  characteristics 
of  the  static  and  dynamic  nerds  shall  conform  in  all  respects  to  the 
performance  requirements  specified  herein.  All  0-ring  seals,  markets 
and  back-up  ring  and  installation  thereof  shall  conform  to  performance 
and  dimensional  requirements  of  MIL-0 -‘‘.14. 

3-]8  Built-in  relief  v.'  vo.  When  the  pump  is  ''ir.isued  with  a  :  dit¬ 
in  :  eli of  valve, the  relief  valve  shall  confirm  t  >  i-'lL-V-hPoVib 
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3-19  Identification  marking.  The  punps  shall  he  identified  in 
accordance  with  MIL-STD-130  on  identification  plates  conforming  to 
MIL-P-514,  type  III,  composition  A,  class  1  with  the  following  in¬ 
formation! 

Pump,  hydraulic,  oil,  fixed  displacement- 

Flow  _ gpm  at  2500  rpm,  and  2500  psi. 

Rated  Pressure  2500  psi. 


Rated  Sneed  _ rpm. 

Mu- :  of  act  ore  rrs  Name. 

Manufacturer '  s  Pajrt  or  Model  Number  _ . 

Serial  Number  _ . 

Pump  type;  Type  I-Single,  or  Type  II-Double _ . 

Specification  MIL~P~$2675 _ • 

Government  Part  No. _ _ when  specified  by  end 

item  drawing  (see  6 .2j~. 

3-20  Workmanship.  Aj.1  parts  and  components  of  the  pumps  including 
casting,  forging,  mold  parts,  stampings  and  machined  surfaces  shall  be 
clear  and  free  from  sand,  dirt,  fins,  pits,  sprues,  scale,  and  other 
harmful  extraneous  material.  All  edges  shall  be  rounded  or  cnamfered. 

k.  QUALITY  ASSURANCE  PROVISIONS 

1+ . 1  Responsibility  for  inspection.  Unless  otherwise  specified  in 
the  contract  or  purchase  order,  the  supplier  is  responsible  for  the 
performance  of  all  inspection  requirements  as  specified  herein.  Except 
as  otherwise  specified  in  the  contract  or  order,  the  supplier  may  use 
his  own  or  any  other  facilities  sui table  for  the  performance  of  the 
inspection  requirements  specified  herein,  unless  disapproved  by  tne 
Government.  The  Government  reserves  the  right  to  perform  any  of  the 
inspections  set  forth  in  the  specification  where  such  inspections  are 
deemed  necessary  to  assure  supplies  and  services  conform  to  prescribed 
requi re meats . 
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4.1.1  Component  and  material  inspection.  The  supplier  is  responsible 
for  insuring  that  components  and  materials  used  are  manufactured,  exam¬ 
ined,  and  tested  in  accordance  with  referenced  specifications  and 
standards. 

4.2  Classification  of  inspection.  Inspection  shall  be  classified  as 
follows : 

(a)  Qualification  inspection  (see  4-3). 

(b)  Quality  conformance  inspection  (see  4.4). 

(c)  Inspection  of  preparation  for  delivery  (see  4.6). 

4 . 3  'tuali ficati on  (see  6.3). 

4.3- 1  oxoninat ion.  Tne  pumps  shall  be  examined  as  specified  in  4.5.1. 
Presence  of  one  or  more  defects  shall  be  cause  for  rejection. 

4.3- 2  Tests .  The  pumps  shall  be  tested  as  specified  in  4. 5. 2. 2.1 
through  4. 5. 2. 2. 6  in  the  following  sequence.  Failure  of  any  test  shall 
be  cause  for  rejection. 

(a)  Efficiency  test  (see  4. 5.?. 2.1). 

(b)  Proof  pressure  test  (see  4. 5. 2. 2. 2). 

(c)  Performance  test  (see  4. 5. 2. 2. 3) • 

(d)  Endurance  test  (see  4. 5. 2.2. 4). 

(e)  Low  temperature  test  (see  4. 5. 2.2. 5). 

(f)  Final  efficiency  test,  run  number  2  (see  4. 5. 2. 2.1). 

(g)  Contaminant  tolerance  test  (see  4. 5. 2. 2. 6). 

4.4  Quality  confousance  inspection. 

4.4.1  Examination.  Each  pump  snail  be  examined  as  specified  in 
4.5.1.  Presence  of  one  or  more  defects  shall  be  cause  for  rejection 
of  the  pump. 

4.4.2  Tests ♦  Each  pump  sliall  be  test.ed  as  specified  in  4. 5. 2. 2. 7 
Failure  of  the  test  snail  be  cause  for  rejection  of  the  failed  pump. 

4.5  Inspection  procedure. 

4.5.1  Fvnml ration.  The  pumps  shall  be  evtnined  f  •:*  ‘re  f  1  -iwi*.  * 
defect s : 
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101.  Type  not  as  specified. 

102.  Material  not  as  specified. 

103.  Use  of  dissimilar  metal  not  as  specified. 

1 0l» .  Threads  nut  as  specified. 

105.  Mounting  flange  not  as  specified. 

106.  Ports  not  as  specified. 

107.  Direction  of  rotation  not  as  sr>ecified. 

108.  Deals  not  as  specified. 

10°.  Identification  or  special  marking  missing  or 
i llegible . 

110.  Identification  plate  not  as  specified. 

111.  Technical  publications  not  as  specified  (see  6.4). 

112.  Workmanship  not  as  specified. 

4.5.2  Tests. 

Test  conditions . 

4. 5.2. 1.1  Oil .  Unless  otherwise  specified,  all  tests  shall  be  con¬ 
ducted  using  oil  conforming  to  MIL-L-2104,  grade  10,  at  a  temperature 
of  150°  F.  p 1 us  or  nlnus  5°  F. 

4. c'.  ?.  1,2  Fi  It  rat »  on.  For  all  tests,  the  t_*st  oil  shall  be  filtered 
t hr -ugh  a  *\lt.er  ele-nent  having  a  filtration  ratio,  at  10  micron,  higher 
than  7.8. 

4.'-.?.1.3  Test  apparatus.  All  test  appa  ,us  shall  be  accurate  with¬ 
in  the  1  fits  specif  ed  in  MIL-STD-448,  se  on  6. 

4. 5. 8. 1.4  Inlet  p-essure.  Unless  ot  wise  specified  herein,  the 
ir.let  pressure  snail  not  exceed  14.7  ps : 

4. 5. 2. 2  Test  procedure. 

4.5.?.°.l  Ffficiency  test.  Install  the  pump  in  the  test  system 
shown  n  f  pure  2  or  on  a  dynamometer  test  bench.  Measure  and  record 
the  overall  efficiency  (combined  hydraulic  output/mechan ical  input)  at 
2500  rpm  speed  at  an  oil  temperature  of  150°  F.  plus  or  minus  5’  F.  and 
at  a  m'nimum  of  7  pressure  points  at  equal  increments  starting  with 
1000  ps :  and  eont' ruing  through  2500  psi.  Efficiencies  less  than  that 
specified  in  3-6  shall  constitute  failure  of  this  tt.it. 
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4. 5. 2. 2. 2  Proof  pressure  test.  Operate  the  pomp  at  3750  pal  and 
maximum  rated  speed  and  hold  for  not  less  than  60  seconds.  Check  for 
external  leaks  at  assembled  surfaces  arid  the  shaft  seal.  Any  evidence 
of  mechanical  malfunction,  damage,  or  leakage  shall  constitute  failure 
of  this  test. 


4. 5. 2. 2. 3  Performance  test.  Each  pump  shall  be  operated  at  a  dis¬ 
charge  pressure  of  250 0  psl  with  a  minimum  inlet  pressure  of  5  inches 
mercury  vacuum  for: 

(a)  30  minutes  at  f< 00  rpm. 

(b)  30  minutes  at  rated  speed. 

(c)  30  minutes  at  115  percent  of  rated  speed. 

Inability  of  the  ;  imp  to  deliver  2S0C  psl  at  6 CO  rpm  rated  flew  and 
25OO  psl  at  rated  speed,  and  25OO  psi  at  115  percent  of  rated  speed 
or  evidence  of  malfunction  snail  •-onstitute  failure  of  this  test. 

4. 5-2. 2. 4  Endurance  test.  Install  the  pump  in  the  test,  system  for 
running  the  endurance  test  and  cycle  as  follows:  5  seconds  at  minimum 
pressure  and  5  seconds  with  pressure  limited  to  not  less  than  25OO  psi 
for  a  total  of  1000  heirs.  Oil  temperature  shall  be  220°  F.  plus  or 
minus  5°  F.  during  the  first  50  hours  of  cycling.  The  oil  temperature 
at  the  pump  inlet  shall  be  200°  F-  plus  or  minus  5°  F.  for  remaining 
950  hours  of  t.he  tests.  Malfunction  prior  to  completion  of  1000  hours, 
failure  to  maintain  25OO  psi,  rated  flow  and  rated  speed  or  evidence 
of  leakage  greater  than  3  drops  per  hour  at  ilBSfT"  Vpsi  bhall  ^institute 
failure  of  this  test. 

4. 5. 2. 2. 5  LiOv  temperature  test.  Install  the  Hydraulic  system  with 
the  test  pump  in  the  climati”  member.  Fill  the  test  system  wi th  CONOCO 
DN-600,  type  1;  or  Emory  390F  oil.  Tne  drive  may  be  located  externally 
to  the  climatic  chamber.  bower  the  pump  and  test  system  temperature  to 
minus  65'  F.  plus  or  minus  5°  F.  and  maintain  at  this  temperature  for  a 
minimum  of  12  hours.  At  the  conclusion  of  the  soak  period,  raise  the  cham¬ 
ber  temperature  to  minus  50®  F.  plus  or  minus  5°  F.  and  stabilise  to  this 
temperature  for  a  minimum  of  1  hojr.  Operate  the  pump  as  shown  ir.  figure  3 
as  follows:  Increase  pump  speed  and  pressure  simultaneously  to  1250  rpm  and 
250  psig  respectively.  Wnen  inlet  oil  temperature  reaches  minus  15°  F.  plus 
or  minus  5°  F. ,  increase  the  pump  speed  end  disensree  pressure  s imul tancousl 
to  rated  speed  in  a  t ;  me  interval  of  0.2  minute  and  2500  ns  1c  in  a  time  in¬ 
terval  of  0.1  minute  respective] y .  ( re-ate  the  pump  unt.il  inlet  nil  tempera 

ture  reaches  1  u^  5°  F. 
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Obtain  the  test  data  viLh  recorder  having  a  minumum  response  of  13  KHz  with 
the  provsion  for  record  ng  pump  speed,  discharge  pressure,  inlet  temper¬ 
ature,  ar.i  flow  concurrently.  Inability  of  the  pump  to  rotate  without 
damage  at  mh.us  S0°  F.  plus  or  mmus  5°  F. ,  inability  of  the  pump  to  deliver 
2500  psi  over  the  ent  re  speed  range,  inability  of  the  pump  to  maintain  rated 
flow  at  maximum  rated  s:eed  at  minus  15°  F.,  plus  or  minus  cj°  F.,  or  evidence 
of  mechanical  malfunct :on,  damage,  or  shaft  leakage  in  excess  of  3  drops  per 
hour  s'aail  const'tute  falure  of  this  test. 

4.5. 2.2.6  Contanrnant  tolerance  test.  This  test  shall  be  conducted  as 
follows  and  nonconformance  to  3-^-2  shall  constitute  failure: 

I.  Equipment  and  Supplies. 

(a)  Hydraul.c  test  circuit  as  illustrated  in  figure  U. 

(b)  Facility  for  measur : ng  tne  gravimetric  level  of  a 
flu  :  d. 

(c)  Supply  of  classified  de-  onized  (silica)  contaminant 
(AC  Fine  Test  Etist). 

(d)  Supply  of  clean  fluid  sampl  oottles  w'th  a  cleanliness  level 
below  .10  particles  per  milliliter. 

(e)  Supply  of  clean  slurry  njectior.  bottles. 

II.  Test  Fac'liiy  Requirements. 

(a)  The  test  system  illustrated  in  figure  h  sr.all 

consist  of  a  reservoir,  injection  chamber,  heat  exchanger, 
flow  meter,  pressure  gages,  temperature  nd manor,  control 
f  Iter,  test  Dump,  and  Dump  dr  ve. 

(b)  The  reservo  r  shall  be  constructed  with  a  conical  bottom 
with  a  projected  angle  of  not  more  than  90  degrees.  The 
o'l  entering  the  reservo 'r  shall  be  diffused  i>e_ow  the 
surface  of  toe  oil.  Provisions  should  be  made  to  pressurize 
the  reservoir. 

(c)  The  'nject  on  chamber  shall  be  constructed  as  shjwn  n  figure  U. 
The  volume  of  the  chamber  shall  be  approximately  SOO  ml.,  and 
the  rat  o  L/D  shall  be  10.  The  included  angle  at  the  bottom 

of  the  chamber  shall  be  not  more  than  a0  degrees. 

(d)  Tine  heat  exchanger  s-all  be  mounted  ve-ticail.v  with  the 
o:i  entering  from  the  button. 

(e)  The  control  f'lter  shall  be  capable  of  r. ,v '  d  '  rig  a  contaminant 
baekgro  ir.  1  of  less  t  nar-  i  o 00  part  eles  la  -  'er  char  i<j  hcro- 
"ie;  o rs  pe -  m '  !  ]  i  1  i  tei  . 
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(f)  The  flowmeter  shall  be  Insensitive  to  contaminant. 

(g)  The  1  ines  connecting  the  hydraulic  components 
shall  be  s  :  zed  such  that  turbulent  flow  exists 
throughout  the  system. 

(h)  The  control  filter  shall  be  capable  of  providing  a  contam¬ 
inant  background  of  less  than  10  mg/liter. 

III.  System  Verification. 

(a)  Install  a  pump  that  is  known  to  be  relatively 
insensitive  to  contamination  in  the  circuit. 

(b)  Adjust  system  oil  volume  (exclusive  of  the  filter 
system)  so  Lhat  it  is  numerically  equal  to  one- 
fourth  (plus  or  minus  10  percent)  of  the  lowest 
volume  flow  rate  to  be  used  for  testing. 

(c)  Circulate  through  the  filtering  system  until 

the  contaminant  background  is  less  tnan  10  mg/liter. 

(d)  By-pass  the  filter  system. 

(e)  Add  a  quantity  of  AC  Fine  Test  Dust  to  the  system 

to  bring  the  contamination  level  to  300  mg/liter  plus 
or  minus  10  mg.  per  liter.  The  contaminant  should  be 
injected  in  the  form  of  well-mixed  slurry  to  prevent  agglom¬ 
eration  of  the  particles. 

(f)  Operate  the  system  at  toe  ■ninumum  flow  rate  to  be  used 
for  testing. 
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vi  tii  SAE  ARP  Y'-’5  • 

(i)  Compute  the  average  of  the  four  gravimetric  levels  obtained 
in  (h)  at  each  size.  The  system  is  quelified  for  testing 
if  none  of  the  levels  differ  from  the  average  level  by 
more  than  10  percent. 

(j)  Circulate  through  the  filter  until  t he  contaminant  back¬ 
ground  is  less  than  iO  np. /liter. 

IV.  Preliminary  Preparation. 

(a)  Install  t.ie  test  pump  in  t nr  e'r'uit. 

(')  Adjust  the  system  v  .  .vv*  (exclusive  f  the  f  i.:  ».er  sys'e.m) 
so  t  ,a-„  it  is  i -leniently  equal  to  >no -fourth  (plus  or 
rr.  :.us  10  percent)  >f  t  .e  v  iur.e  fl  v  .  ate  of  the  pomp  to  be 
t.es  led . 
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(c)  Operate  the  pump  at  rated  speed  and  150®  F  plus  or 
minus  5*  F.  temperature  with  the  filter  system  in  the 
circuit,  using  the  following  schedule  for  pump  operating 
pressure. 

15  minutes  at  25  percent  rated  pressure. 

15  minutes  at  50  percent  rated  pressure. 

15  minutes  at  75  percent  rated  pressure. 

Operate  at  rated  pressure  until  flow  rate  has  remained 
constant  for  at  least  60  minutes. 

(d)  Record  the  flow  rate  at  the  end  of  (c)  as  the  rated  flow 
of  the  pump  (Qr). 

Test  Procedure. 

(a)  determine  the  quantity  of  contaminant  (gi)  required  for 
each  size  injection  according  to  the  following  expression: 

gi(grams)  -  0.3  (volume  of  system  oil 

in  Liters). 

(b)  Prepare  a  slurry  containing  gi  grams  of  contaminant-  of  each 
of  the  following  size  ranges: 

0-5m,  0-10u,  0-20U,  0-30u, 

C-50p,  O-oOn,  O-i’Op,  and  0~3Qu 

(c)  Operate  t'ne  system  at  rated  speed,  pressure  and 
t-r-nerature  of  P00°F.  by-passing  the  filter  system. 

Measure  and  lecord  the  initial  flow  rate.  Inject  the  0-5 
slurry.  Record  the  flow  rate  at  y-rainute  intervals. 
Continue  operating  until  the  flow  rate  remains  constant 
for  10  minutes  or  for  30  minutes  total,  whichever 
occ’U'S  first. 

(d)  Circulate  through  the  filter  system  until  contaminant  back¬ 
ground  is  less  than  10  mg  per  liter. 

(e)  Record  the  final  flow  rate  with  the  pump  operating  at  rated 
■•editions  specified  in  (c).  If  the  flow  rate  has  decreased 
ii  less  than  60  r^rcent  of  its  original  value  (0r),  proceed 
directly  to  steps  (g)  and  (h). 

(f)  Re; eat  steps  (c)  through  (e)  using  0-10,  0-2C,  0-30,  C-40, 
0-50,  C’-5o,  0-70,  and.  0-80  micrometer  contaminant  in  prog¬ 
ressively  increasing  sizes. 

( l)  Calculate  the  flow  degradation  ratio  for  eacn  injection 
by  dividing  tne  final  flow  rate  from  (e)  by  the  initial 
flow  rate  from  (c). 
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(h)  Using  the  Computer  Program,  furnished  by  the  procuring 
activity  (see  6.5),  calculate  and  present  a  1000-bour 
Contaminant  Tolerance  Profile  on  the  Particulate  Con¬ 
tamination  Chart  Shown  in  figure  1. 

k.5.2.2.7  Production  test.  Each  pump  shall  be  tested  for  proof 
pressure  in  accordance  with  h.cj.2.2.2.  Each  pump  shall  also  be  tested 
for  rated  flow  at  rated  speed  at  an  oil  temperature  not  less  than  SO*  F. 
and  the  flow  reading  shall  be  taken  at  1000  psi,  1750  psi,  and  2^00  psi. 

4 . 6  Inspection  of  preparation  for  delivery . 

4.6.1  Quality  conformance  inspection  of  pack. 

4. 6. 1.1  Inspection  stares.  Inspection  shall  be  in  two  6tages  a6  follow 

(a)  The  first  stage  shall  include  inspection  of  preservation, 
packaging  and  unit  marking. 

(b)  The  second  stage  shall  include  inspection  of  materials  and 
marking  after  closing  and  strapping  of  the  container. 

4. 6. 1.1.1  Units  of  product.  For  the  purpose  of  inspection,  a  unit 
of  product  for  the  first  stare  of  inspection  shall  be  a  complete  pack 
with  the  box  top  not  in  place  arid  the  Packages  left  unsealed.  For  the 
second  stage  of  inspection  a  unit  of  product  shall  be  a  complete  pack 
prepared  for  snipment. 

4. 6. 1.2  Sampling .  Sampling  for  examination  shall  be  in  accordance 
with  MLL-5TD-i05. 

4.6.1. 3  Exam  i nation .  Samples  selected  in  accordance  with  4.6.1.?  shall 
be  examined  for  the  following  defects.  AQL  shall  be  2.5  percent  defective 

113.  Materials,  methods  an'  containers  not  as  specified 
for  levels  A,  B,  or  C.  Each  incorrect  material, 
method,  or  container  shall  constitute  one  defect. 

114.  Interior  surfaces  of  the  pumps  not  coated  vitn 
preservative  as  specified  for  levei  A  or  B. 

115-  Pumps  not  wrapped  wi Ln  greaseproof  paper  for  level 
A  or  B. 

] 16.  Greaseproof  wrap  not  secured  with  tune  as  specified 
for  level  h  or  B. 

117.  Technical  pur  1 ‘.cations  not  preserved  as  specified 

for  level  A  or  B. 

118.  Cushioning  not  proviied  to  prevent  movement  of 
pumps  witoir,  the  boxes  as  specified  for  level  A  or  B. 

110.  Strapping  not  i  oc  coated  for  level  A. 

120.  Fiber-board  coxes  not  seated  and  re : :  if  arced  as 
specified  for  level  B. 
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121.  Marking  illegible,  incomplete,  or  incorrect. 

122.  Number  of  pumps  to  be  packed  together  not  as  specified 
for  level  A  or  B. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  packaging.  Preservation  and  packaging  shall  be 
level  A,B,  or  C  as  specified  (see  6.2). 

5.1.1  Level  A.  The  interior  surfaces  of  the  pumps  shall  be  coated 
with  preservative  lubricating  oil  conforming  to  MIL-H-6083.  Each  pump 
shall  then  be  wrapped  with  greaseproof  barrier-material  conforming  to 
MIL-B-12.1,  type  I,  grade  A,  class  2.  The  wrap  shall  be  secured  with 
tape  conforming  to  PPP-T-60,  type  III,  class  1.  The  technical  r  Pli¬ 
cations  shall  be  preserved  in  accordance  with  M1L-P-116,  method  IC-1. 

Each  pump  with  technical  publications  shall  be  packaged  in  a  box  con¬ 
forming  to  PPP-3-636,  W5c.  Cushioning  shall  be  provided  to  prevent 
movement  within  trie  box.  After  closure,  the  box  shall  be  waterproof 
sealed,  method  V  as  specified  in  the  appendix  to  the  box  specification. 

5-1.2  level  B.  Each  pump  and  technical  publications  shall  be  preserve 
as  specified  in  5*1*1  for  level  A.  The  pump  with  technical  publications 
shall  be  packaged  in  a  box  conforming  to  PPP-3-636,  class  domestic, 
variety  SW,  grade  as  applicable,  style  optional.  Cushioning  shall  je 
provided  to  prevent  movement  within  the  box.  The  box  siiall  be  closed  in 
accordance  with  the  appendix  to  the  box  spec  i  f i  cat  i or, . 

5-1. 3  Level  C.  Each  pump  with  technical  publications  shall  e 
packaged  in  a  fiberboard  container  that  will  afford  protection  against 
deterioration  and  damage.  The  supplier  may  use  his  commercial  container 
providing  it  fulfills  these  requirements. 

5.2  Packing.  Facking  shall  be  level  A,  B,  or  C  as  specified  (see  6.2) 

5.2.1  level  A.  The  pumps  of  like  type,  preserved  and  packaged  as 
specified  in  5*1>  shall  be  packed  in  close-fitting  boxes  confirming  to 
PPP-B-oOl,  overseas  type,  grade  B;  or  FPP-B-621,  cl  ass  2,  grade  R;  in 
quantities  as  specified  (see  6.2),  not  to  exceed  the  weight  and  dimen¬ 
sional  limitations  of  the  specification.  The  boxes  shall  be  closed  aid 
strapped  in  accordance  with  the  appendix  to  the  box  spec  i  f ;  eat  i  m . 
Strapping  shall  be  zinc  coated. 

5.2.2.  level  B.  Tlie  pumps  of  like  type,  preserve  '  '  packu-’^d  as 

specified  in  y .  1,  shall  be  packed  r,  elose-f  tt  r.g  boxes  conforming  to 
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PPP'B-636,  V3c,  style  RSC;  boxes  conforming  to  PPP-B-6U0,  class  2,  style 
optional;  PPP-B-601,  domestic  type;  or  PPP-B-621,  class  1;  in  quantities 
as  specified  (see  6.2),  not  to  exceed  the  weight  and  dimensional  limitatiu 
of  the  box  specification.  The  box  shall  he  waterproof  sealed  with  ta  an 
reinforced  with  bands  of  reinforced  tape  in  accordance  with  the  appendix  t 
the  applicable  box  specification. 

3.2.3  Level  C.  The  pumps  of  like  type,  preserved  and  packaged  as  sj.eci 
fled  in  3-1,  shall  be  packed  in  fiberboard  boxes  complying  with  Uniform  Fr? 
Classification  rules  or  with  National  Motor  Freight  Classification  rules. 

5.3  Marking .  In  addition  to  any  special  marking  specified  (see  6.2), 
packages  and  shipping  containers  shall  be  marked  in  accordance  witn 
KTL-STD-129. 


6.  NOTES 

6.1  Intended  use.  The  pumps  covered  by  this  specification  are  inter,  led 
for  production  use,  as  spares,  and  as  replacements  in  hydraulic  systems  on 
military  stationary  and  mobile  equipment. 

6.2  Ordering  data.  Procurement  documents  should  specify  the  follow¬ 
ing: 

(a) 

(b) 

(0) 

(a) 

(e) 

(r) 


(-) 

(n) 


16 


Title,  number,  and  date  of  this  spec i f i cation . 

Type  of  pump  required  (see  1.2). 

Flow  and  speed  (see  3-6)- 
Direction  of  rotation  (see  3 - 13) - 
Government  part.  No.  wnen  specified  bv  end  item 
drawing  (see  3 -  1 6 ) . 

Level  of  preservation  and  packaging  and  level  of 
packing  required  (see  3.1  and  3-2)-  Level  B 
preservation  and  packaging  is  intended  to  provide 
economical  but  limited  protection  arid  should  be 
specified  onl.,  when  it  nas  been  determined  the 
pumps  will  re  oeld  iri  covered  storap**  for  an  in¬ 
definite  period  from  date  of  initial  ; reservation 
and  pa~xr:wing. 

Numter  of  ;  imps  tr  1  <•  {>•  -kei  :.'w« tner  (ree  S. .  .1  arid 
3.2.2). 

Ar.v  r  1  f*  "  i  rk  i  :•••  r :  -  i  r*1  i  (  S  .  ?)  . 
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6.3  Qualification. 

6.3.I  When  the  pumps  covered  by  this  specification  are  procured  as  an 
end  item  by  the  Government,  only  bids  or  proposals  offering  pumps  which 
are  qualified  under  this  specification  (not  necessarily  listed  on  the 
QPL)  at  the  time  set  for  opening  of  the  bids  or  award  of  a  negotiated 
contract  should  be  considered  in  making  award. 

6.3-2  When  tne  pumps  covered  by  this  specification  are  components  of 
an  end  i  em  hei  g  procured  by  the  Government,  the  requirements  of  ASPR 
1-1107.?  )  shall  apply. 


6.3.3  It  is  intended  that  inclusion  of  pu.,ps  on  the  QPL  may  be  accom¬ 
plished  by  families  or  series.  When  a  pump  manufacturer  produces  a  series 
of  items  that  are  identical  in  design  and  vary  only  in  dimension,  successful 
testi.ua  cf  t:.e  tmal.est  and  largest  pump  within  tne  series  will  be  considered 
as  qualification  of  the  entire  series.  Prior  approval  of  the  qualification 
of  tne  series  or  families  must  be  requested  from  the  QPL  authority.  Approval 
will  be  iared  upon  sufficient  evidence  submitted  in  the  form  of  design  draw¬ 
ings,  literature  or  ether  documents,  to  indicate  the  design  within  the  series 
are  identical. 


6.3.^  The  attention  of  suppliers  is  called  to  the  above  conditions  and 
manufacturers  are  irged  to  arrange  to  have  the  pumps  that  they  propose  to 
offer  to  the  Government  tested  for  qualification  in  order  that  they  may  be 
eligible  to  be  awarded  contracts  or  orders  for  pumps  covered  by  this  specifi¬ 
cation.  The  activity  responsible  for  the  Qualified  Products  List  for  this 
specification  is:  U S.  Army  Mobility  Equipment.  Research  and  Development 
Center,  A'fTN :  STGFfi-HM,  Fort  Belvoir,  Virginia  ?<?060. 

6.U  Data  requirements.  The  contracting  officer  should  include  require¬ 
ments  for  such  data  as  technical  publications,  instructional  materials, 
illustrated  parts  list,  and  supplier's  maintenance  and  operation  manual 
to  be  furnished  with  each  pump.  Each  pump  should  be  accompanied  by  de¬ 
tailed  instructions  for  changing  direction  of  rotation,  and  when  applicable 
include  instructions  for  inlet  and  outlet  port  orientation. 

6.5  The  contracting  officer  should  arrange  to  furnish  the  Computer  Program 
for  Contaminant  Tolerance  Profile  required  in  h .5 .2 .2 .6  V(h). 
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PARTICULATE  CONTAMINATION  CHART 


FIGURE  I.  CHART  FOR  CONTAMINANT  TOLERANCE  PROFILE. 
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Figure  2.  TYPICAL  TEST  CIRCUIT  DIAGRAM  FOR  PUMP, 

RESERVOIR,  RELIEF  VALVE  AND  FILTER  TESTS. 
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FIGURE  3.  PUMP  SPEED,  PRESSURE  AND  TEMPERATURE  SCHEDULE. 
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MERADCOM  TEST  PROCEDURE 

METHOD  FOR  ESTABLISHING  THE  DURABILITY  OF  A  FIXED  DISPLACEMENT 
FLUID  POWER  PUMP,  TESTED  IN  LOTS 


1.0  SCOPE  To  provide  a.  method  for  determining  the.  durability  of  a  fixed 
displacement,,  fluid,  power  pump. 

2.0  PURPOSE  To:  verify-  the  ability-  of  a  pump  to  perform  satisfactorily 
during  a  specified,  period,  of  time  when  subjected  to  cyclic  discharge 
pressure  at  specified  conditions,  of  temperature,  shaft  speed,  and. 
system,  fluid. 

3.0  DEFINITION 

3.1  Pump  Durability  The  ability  of  a  pump  to  endure  specified  operating 
conditions  for  . n.  extended  period  of  time. 

4.0  PROCEDURE  ' 

4.1.  TnscaH  the  pump  in.  the  test  system  as  3hown  in  Figure  1  and  operate 
under  the  following-  conditional 

4.1.1  Test  Oil:  All  tests  will,  be  conducted  using,  oil,  lubricating^.  MH-L-2104, 
grade  10  or  fluids  conforming  to  SAE  J745. 

4.1.2  Filtration:  The  control  filter  wild  limit  the  total  number  of  particles 
in  the  system,  fluid  to  no  more  chan  1000  particles  per  mililiter  greater 
than  10  microns  and  no  less  than.  800  particles  per  mililiter  greater  than 
10  microns. 

4.1.3  Instrumentation  &  Test  Parameter  Accuracy:  Instrumentation  and  test 
parameter  accuracy  must  be  maintained,  within  the  limits  set  forth  In 
ANSI  B93.27. 

4.1.4  Inlec  Pressure:  The  pump-  inletr  oil  pressure-  at  the-  inlet  fitting  will 
he  majnra-inaH  wit-Mn  1  in-  Hg  of  atmospheric:  pressure. 

4.1.5  Aeration:  The  inlet  oil  must  be  visually  free  of  entrained  air  throughout 
testing. 


4.1.6  Speed:  Test  speeds  will  be  as  close  to  pump  manufacturers'  rated 
values  to  the  extent  that  standard  gears  are  available  from  the 
gear  box  manufacturer. 


EXHIBIT  3 


4. 1. T  Pressure  Range:  From  0  to  U_5  percent  of  rated  pressure. 

4.1.8  Temperature:  The  inlet  oil  temperature  for  the  durability  test  will 
be  maintained  at  180°F .. 

4.1.9  Endurance  Cycle  Conditions:  60+6  cycles /minute.  The  waveform  is 
to  be  consistent  with,  the  impulse  test  waveform  of  SAE  Standard  J343. 

The  outlet  pressure  waveform  will  conform  to  SAE  J343  only  to  the 
extent  the  pump  and  other  test  system  elements  will,  allow  conformity. 

4.1.1  Measure  and  report  the  initial  pump  overall  efficiency  in  accordance 
with  HFPA/T3.9.171LU 

4-2.2  7olumetr±c  efficiencies  shall  be  measured  and  recorded  at  the  beginning 
of.  each,  test  and  at  one  hour  intervals  thereafter. 

4.3  Test  Cycles:  A.  total.  o£  15  pumps  shall  be  tested  as  follows: 


Set  Co 


test  cycles 


Three  pumps  of  manufacturer  //I  500,000  cycles  per  pump 


Three  pumps  of  manufacturer  #2  500,000  cycles  per* pump 


3  | 


Three-  pumps  of  manufacturer  -:/3  500,000  cycles  per  pump 


One  from  each  of  the  three 
manufacturers 


500,000  cycles  per  pump 


One  from,  each'  of  the  three 
manufacturers 


500,000  cycles  per  pump 


I 


After  completing  the  above  testa,  disassemble  and  examine  the  pump. 
Record  any  evidence  of  galling,  scoring,  pitting  and  structural 
damage. 


Prepare  test.  report  with  S  x.  10  B/W  photos  of.  each  tested  pump. 

Each  report  shall  have  an  analysis  of  the  test  results  of  each  tested 
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INSTRUMENTATION 

ENDURANCE  AND  DURABILITY  TESTS 
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INSTRUMENTATION 


The  instrumentation,  calibration  methods  and  procedures  used  in  this  contract, 
can  be  referenced  to  Part  2,  of  report  number  50560,  contract  UAAK70-77-C-021 4 , 
dated  November  12,  1979.  The  traceability  statement  for  measurement  of  flow, 
pressure,  and  temperature  are  also  found  in  Part  2  of  the  above  mentioned  report 
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DIAGRAM  OF  MEASUREMENT  SYSTEM 
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ENDURANCE  AND  DURABILITY  TESTS 
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HYDRAULIC  CIRCUIT  SCHEMATIC  FOR  ENDURANCE  AND  DURABILITY  TESTS 


APPENDIX  N 

TEST  SETUP  PHOTOGRAPHS 
ENDURANCE  AND  DURABILITY  TESTS 
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Test  pumps  mounted  on  gearbox  corn- 
to  a  200  HP  electric  motor  with  inlet 
and  pressure  lines  plumbing.  The  inlet 
pressure  transducer  is  mounted  in  the 
inlet  flange  on  the  center  pump  which 
was  higher  than  the  other  two.  This 
pump  location  had  the  lowest  inlet 
pressure  because  of  its  height. 
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Reservoir  and  linet  plumbing 
for  the  three  pumps.  The 
inlet  temperature  probe  is 
located  in  the  tee  at  the 
bottom  of  the  picture. 
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PRESSURE  WAVESHAPE  PHOTOGRAPHS 
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use  1 1  LO  SCOP  E_  JKA_C  L  S_  OF  OUTLET  PRESSURE 

A-:>  tflt-rau.-d  lift-  Test 

vertical  Axis  !  un  -  1  .utnj  psi 
Horizontal  Axis  ,‘j  seconds  per  cm 


OSCILLOSCOPE  TRACES  OF  OUTLET  PRESSURE 

Acu; lerated  Life  Test 

Vertical  Axis  1cm  -  1,000  psi 
Horizontal  Axix  .5  seconds  per  cm 


H  Manufacturer  Code  M 

Pump  No.  364 


DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  MTS  PUMP  #348 

Manufacture  Ml's  pump  #348  completed  the  Accelerated  Life  Test  without  any 
failures.  The  pumpi ng  cartri dge  experienced  excessive  wear  on  the  bronze  side 
plates  which  would  account  for  the  2.3%  drop  in  flow  rate.  Some  wear  occurred 
in  the  cam  ring  and  vane  section  of  the  pumping  cartridge.  Contamination  generated 
from  wear  probably  contributed  to  the  pitting  of  the  shaft  end  ball  bearing  and 
the  bronze  sleeve  bearing. 


DURABILITY  TEST 


ANALYSIS  OF  MANUFACTURE  MTS  PUMP  #349 

Manufacture  Ml's  pump  #349  completed  the  Accelerated  Life  Test  without  any 
catastrophic  failures.  The  pumping  cartridge  experienced  extensive  wear  on 
the  side  plates  with  some  pitting;  this  would  account  for  the  6.9%  drop  in 
flow  rate.  Some  wear  occurred  in  the  cam  ring  and  vane  section  of  the  pumping 
cartridge.  Contamination  generated  from  wear  probably  contributed  to  the  pi tt 
of  the  shaft  end  ball  bearing  and  the  bronze  sleeve  bearing. 
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DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  MI'S  PUMP  #351 


Manufacture  Ml's  pump  #351  failed  to  complete  the  Accelerated  Life  Test.  Failure 
occurred  at  217,000  cycles,  at  which  time  the  flow  decreased  24.5%  from  the 
original  value.  Severe  wear  and  scoring  of  the  pumping  cartridge  side  plates 
caused  flow  degradation  and  eventual  catastrophic  failure  of  the  side  plates. 
Contamination  generated  from  wear  probably  contributed  to  the  pitting  of  the 
shaft  end  ball  bearing  and  the  bronze  sleeve  bearing.  Wear  also  occurred  in 
the  cam  ring  and  vane  section  which  experienced  some  overheating. 
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ENDURANCE  TEST 

ANALYSIS  OF  MANUFACTURE  MI'S  PUMP  #352 

Manufacture  Ml's  Pump  #352  failed  to  complete  the  Endurance  Test.  Failure 
occurred  at  283  hours  into  the  test,  at  which  time  the  flow  decreased  26.7; 
from  the  original  value.  Severe  wear  and  scoring  of  the  pumping  cartridge 
side  plates  caused  flow  degradation  and  eventually  catastrophic  failure. 
Contamination  generated  from  wear  probably  contributed  to  excessive  wear 
and  pitting  of  both  the  shaft  end  ball  bearing  and  the  bronze  sleeve  bearii 
Fatigue  of  the  cam  ring;  along  with  excessive  wear  of  the  vanes  were  seen 
in  the  pumping  cartridge. 
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DURABILITY  TEST 


ANALYSIS  OF  MANUFACTURE  MI'S  PUMP  #353 

Manufacture  Ml's  pump  #353  completed  the  Accelerated  Life  Test  without  any 
catastrophic  failures.  A  6.5%  decrease  in  flowrate  from  the  original  value, 
was  due  mainly  to  the  excessive  wear  and  scoring  of  the  pumping  cartridge  side 
plates.  Contamination  generated  internally  contributed  to  the  wear  of  the  bronze 
sleeve  bearing  and  shaft  end  ball  bearing.  Some  wear  occurred  within  the  cam  ring 
and  vane  section  which  probably  contributed  along  with  the  side  plates,  to  the 
decrease  in  flowrate. 
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DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  MI'S  PUMP  #354 


Manufacture  Mi's  pump  #354  completed  the  Accelerated  Life  Test  without  any  fa 
The  pumpsing  cartridge  side  plates  experienced  some  wear,  along  with  the  vane 
cam  ring.  Contamination  generated  internally  likely  contributed  to  the  wear 
seen  bv  the  shaft  end  ball  bearing  and  bronze  sleeve  bearing.  A  2.74%  incr-.-a 
in  flowrate  from  the  original  value,  may  be  accounted  for  by  the  cartridge's 
components  wearing  themselves  in. 
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DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  M2 ' S  PUMP  #355 


Manufacture  M2's  pump  #355  completed  the  Accelerated  Life  Test  without  any 
failures.  The  side  plates  of  the  pumping  cartridge  experienced  some  wear; 
along  with  the  vanes  and  cam  ring.  Contamination  generated  from  wear  probably 
contributed  to  the  excessive  wear  of  the  shaft  end  ball  bearing  and  the  bronze 
sleeve  bearing.  The  pump  underwent  a  5%  increase  in  flowrate  from  the  original 
value,  which  probably  was  due  to  the  pumping  cartridge's  components  lapping 
themselves  in. 


DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  M2'S  PUMP  #356 

Manufacture  M2ls  pump  #356  completed  the  Accelerated  Life  Test  without  arij 
failures.  The  pumping  cartridge  side  plates  underwent  some  wear,  along  with 
vanes  and  cam  ring.  A  5.1%  increase  in  flowrate  from  the  original  value  was 
experienced,  which  probably  could  be  accounted  for  by  the  pumping  cartridge's 
components  lapping  themselves  in.  Contamination  generated  internally  may  Lev 
contributed  to  the  wear  seen  by  the  shaft  end  ball  bearing  and  the  bronze  sip 
bear i ng. 


ENDURANCE  TEST 

ANALYSIS  OF  MANUFACTURE  M2'S  PUMP  #357 


Manufacture  M2's  pump 
failures.  The  pumping 
the  cam  ring  and  vane 
bearing  and  the  bronze 
they  had  exceeded  thei 
in  flowrate  of  21%  of 
excessive  increase  was 
the  pumping  cartridge' 


#357  completed  the  Endurance  Test  without  any  catastrophic 
cartridge  side  plates  experienced  some  wear;  along  with 
section.  Excessive  wear  occurred  on  the  shaft  end  ball 
sleeve  bearing  which  maybe  contributed  to  the  fact  that 
r  normal  running  life.  The  pump  underwent  an  increase 
the  original  value,  in  the  opinion  of  the  writer  this 
partially  due  to  instrumentation  error,  but  mainly  to 
s  components  lapping  themselves  in. 
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DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  M2 ' S  PUMP  #358 


Manufacture  M2's  pump  #358  completed  the  Accelerated  Life  Test  without  any 
failures.  The  pumping  cartridge  side  plates  experienced  some  wear,  along 
with  the  vanes  and  cam  ring.  The  pump  underwent  a  7.5%  increase  in  flowrate 
from  the  original  value,  which  probably  could  be  contributed  to  the  pumping 
cartridge's  components  lapping  themselves  in.  Contamination  generated  internally 
probably  accounted  for  the  wear  seen  by  the  shaft  end  ball  bearing  and  the 
bronze  sleeve  bearing. 
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ENDURANCE  TEST 

ANALYSIS  OF  MANUFACTURE  M2'S  PUMP  #360 


Manufacture  M2’s  pump  #360  completed  the  Endurance  Test  without  any  catastrophic 
failures.  The  pumping  cartridge  side  plates  experienced  some  wear;  along  with 
the  cam  ring  and  vane  section.  Excessive  wear  ran  on  the  shaft  end  ball  bearing 
and  the  bronze  sleeve  bearing  maybe  contributed  to  the  fact  that  they  had  exceeded 
their  normal  running  life.  The  pump  underwnet  an  increase  in  flowrate  of  12.6% 
of  the  original  value;  therefore  the  extended  running  of  the  pump  probably  contri¬ 
buted  to  the  pumping  cartridge's  components  lapping  themselves  in. 


ANALYSIS  OF  S  PUMP  #361 

Manufacture  M2's  pump  #361  comp  erated  Life  Test  without  any 

failures.  The  pumping  cartridg  xperienced  some  wear,  along 

with  the  vanes  and  cam  ring.  E.  f  the  shaft  end  ball  bearing  and 

the  bronze  sleeve  bearing,  was  |  buted  by  the  internal  contamination 

of  the  pump.  An  increase  in  fli  of  the  original  value  may  be 

contributed  to  the  pumping  carti  nts  lapping  themselves  in. 


DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  M3'S  PUMP  #364 

Manufacture  M3's  pump  #364  completed  the  Accelerated  Life  Test  without  any 
failures.  The  pumping  cartridge  experienced  minor  wear  throughout;  both  the 
shaft  end  ball  bearing  and  the  front  sleeve  bearing  also  underwent  minor  wear. 
The  pump  experienced  a  3.4%  increase  in  flowrate  which  was  probably  due  to  the 
cartridge's  components  lapping  themselves  in. 


DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  M3 'A  PUMP  #366 


Manufacture  M3's  pump  #366  completed  the  Accelerated  Life  Test  without  any 
failures.  The  pumping  cartridge  side  plates  experienced  minor  wear  which 
probably  accounted  for  the  2%  drop  in  flowrate.  The  cam  ring  and  vane 
section  of  the  pumping  cartridge,  along  with  the  bearings  in  the  pump 
experienced  some  wear. 


DURABILITY  TEST 

ANALYSIS  OF  MANUFACTURE  M3'S  PUMP  #367 


Manufacture  M3's  Pump  #367  completed  the  Accelerated  Life  Test  without  any 
failures.  Minor  wear  occurred  on  the  pumping  cartridge  side  plates  which 
probably  contributed  to  the  1.2%  drop  in  flowrate.  The  cam  ring  and  vane 
section  of  the  cartridge;  along  with  the  bearings  of  the  pump  expereinced 
some  wear. 
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TA8ULATED  DATA  OF  ACCELERATED  LIFE  TEST  FOR  MANUFACTURE  Ml 


Test  Specimens  Consisted  Of: 
Pump  #34L,  #349,  and  #3S1 


*  Data  points  were  taken  when  outlet  temperature  thermocouple 
was  malfunctioning;  remaining  data  points  were  correct. 

**  Data  points  are  automatically  taken  when  the  test  is  restarted 
after  the  DAS  alarm  system  has  shut  it  down. 

***  Pump  was  considered  a  failure  due  to  excessive  drop  in  flow; 
and  removed  from  testing  apparatus.  (See  Tabulated  Durability 
Test  Results) 
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7750.00 

177.00 

170.40 

190,60 

0.70 

3507.00 

74.01 

7750.00 

173.00 

164,70 

103,30 

-0.P? 

3491.00 

71.91 

7750.00 

174.00 

164.50 

103.10 

-0.7? 

349J.00 

71.90 

7750.00 

175.00 

169.50 

107.40 

0,37 

3497.00 

2J.63 

7750.00 

176.00 

177.90 

193.00 

0.39 

3494.00 

71.45 

2750.00 

177.00 

169,60 

109,00 

0.39 

3495.00 

71.50 

7750.00 

170.00 

169.90 

100.00 

0.37 

3501.00 

7J.55 

7750.00 

179.00 

171.10 

100.50 

0.37 

3504.00 

71.5? 

7750.00 

130.00 

177,60 

193.70 

0.30 

3497.00 

71.79 

7750.00 

131.00 

169.30 

100.90 

0.3B 

3497.00 

7J.53 

7750.00 

137.00 

169.90 

190.40 

0,70 

3493.00 

71.40 

7750.00 

J33.00 

170.00 

190.40 

0./?. 

349P.00 

7J.3J 

7750.00 

134.00 

171,90 

197.70 

0.73 

3503.00 

71.34 

7750.00 

J35.00 

571.60 

197.00 

0,35 

3496..  00 

71.26. 

7750,00 

136.00 

169,30 

100.70 

0.70 

35P0.00 

71.46. 

7750.00 

137.00 

170.70 

100.00 

0.73 

3510.00 

71.5? 

7750.00 

139.00 

16.9.70 

199.7P 

0.19 

350R.00 

71,43 

7750.0R 

139.00 

174.70 

109.00 

0.77 

3499.00 

73.73 

7750.00 

140,00 

169.70 

109.60 

0.1? 

3500,00 

73.07 

7750.00 

141,00 

574.00 

197.60 

0.75 

3497.00 

77.77 

7750.00 

147.00 

169,40 

J09.70 

0,16 

35)3.00 

77.40 

7750,00 

143.00 

174.00 

109.00 

0.77 

3499.00 

77.10 

7750,00 

J44.P0 

160.70 

J00.7P 

0.17 

35ft?.,  00 

77.14 

7750.00 

145.00 

171.90 

197.50 

0.73 

350J.00 

27.31 

7758.00 

546,00 

169.90 

109,00 

0.3? 

£135,00 

71.30 

7750.00 

147.00 

177,50 

197.50 

0.45 

3534.00 

70.06. 

7750.00 

140.00 

■ , 7, 70 

19J.60 

0,36. 

3530.00 

71,17 

7750.00 

149.00 

135.70 

156,70 

0,49 

3560,00 

.73,17 

7750,00 

150.00 

167.00 

106,00 

0.55 

35)9.00 

73.05 

7750.00 

151.00 

170.00 

109.90 

-0.70 

3499,00 

73.74 

7750,00 

157.00 

170.00 

105.30 

-0.33 

3475,00 

73,75 

7750.00 

153.00 

167.50 

104.70 

-0,36. 

3471.00 

73.73 

7750.00 

154.00 

169.00 

104.10 

-0.57 

3476.,  00 

73,00 

7750.00 

115.00 

165,10 

193.60 

-0.7P 

3476..  00 

23.99 

7750,00 
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PUMP  #35) 


Tiff 

JUFT 

(ttTLFT 

IHWFS5 

WT  PUFFS 

FI  CM 

STEP 

IMS 

TW«F) 

TFTP<*F) 

<PSJ> 

<PF1> 

((ft!) 

I'.FPfl) 

1,00 

169.70 

103.60 

1.3) 

3132.00 

74.7) 

7750.0O 

7.00 

177.10 

103.00 

1.36. 

3353.00 

30.4) 

2750.00 

7  .00 

169.00 

105.50 

1.35 

34)5.00 

74.35 

7750.00 

4,00 

177.50 

104,30 

1,37 

3339.00 

75.15 

2750.00 

5.00 

J71.00 

100,30 

1.29 

142.00 

30.09 

2750.00 

**6,00 

177.50 

(03.40 

1,35 

3422.00 

24,06. 

7750.00 

7.00 

169,40 

104,00 

1.29 

3472.00 

23.91 

2750.00 

6.00 

169.70 

105.40 

1,26 

349P.00 

73.96. 

2750.00 

9,00 

170.10 

106,30 

1.25 

3406..  00 

24.01 

2750.00 

IP.  00 

171.60 

107.60 

1,24 

3401.00 

23,9) 

7750.00 

11.00 

177.00 

104.40 

1.20 

346.1.00 

73.04 

2750.00 

17.00 

150.40 

166.60 

0.91 

3661.00 

75.36. 

2750.00 

17.00 

177.30 

107.00 

1,70 

3470.00 

74.11 

2750,00 

14.00 

171.00 

107.90 

1.13 

3470.00 

24.00 

2750.00 

17,00 

169.40 

103.10 

1,06. 

3465.00 

74.30 

7750.00 

If,  00 

160.40 

103.60 

1.1R 

3473.00 

74,70 

,750.00 

17.00 

167,40 

103.00 

).«? 

3491.00 

74.1B 

7750,00 

10.00 

169.50 

105.00 

1.14 

34612.00 

24,70 

'710, 00 

19,00 

160.10 

103.40 

1.12 

3466..  00 

24.19 

2750,00 

70.00 

(69.10 

105.00 

1,1? 

3476.00 

24.15 

2750.0R 

71.00 

179.50 

101.00 

1.12 

3405.00 

24,  )6 

7750.00 

72.00 

171.60 

107.90 

1.04 

3574.00 

22.60 

7750.00 

77,00 

166,50 

101.70 

1.00 

3400.00 

73.06 

2750.00 

74,00 

166.20 

100.90 

1.06. 

3403.00 

24.10 

2750.00 

77,00 

169.90 

107.70 

1,03 

3403.00 

73.62 

7750.00 

70.00 

166.50 

107.40 

0,99 

3490.00 

23.05 

7750.00 

77.00 

169.40 

107.60 

1,00 

3476.00 

23.60 

7750.00 

70.00 

165.70 

JP1.00 

0.93 

3471,00 

24,73 

2750,00 

79.00 

169.70 

103.70 

J.0J 

3479.00 

73,05 

7750.00 

70.00 

166.40 

101,50 

0.97 

7495.00 

24.3) 

2750.00 

71.00 

179.00 

101,90 

0,97 

3464.00 

24.70 

2750.00 

77.00 

166.60 

101.40 

0,97 

3465.00 

74,21 

7750.00 

77.00 

J06-.  70 

119.00 

-0.22 

3042.0R 

73,97 

7750.00 

74,00 

166-.  70 

100.30 

1.3) 

3473.00 

24,57 

2750.00 

75.00 

169.00 

504.70 

1.24 

3466,00 

24,50 

2750.00 

76.00 

166.20 

101.50 

1.19 

3460.00 

74.67 

2750.00 

77,00 

J66.70 

J00.00 

1,25 

3403.00 

24,41 

2750.00 

79,00 

166.70 

101.10 

1.23 

3400.00 

24.70 

2750.00 

79,00 

167.60 

J07.70 

1,17 

346.1,00 

24.30 

2750,00 

40,00 

164.70 

J00.20 

1.12 

3493.00 

24.05 

2750.00 

41.00 

169.30 

104.00 

1.19 

3464.00 

74.66 

2750.00 

47.00 

169.50 

J04.J0 

1.19 

346.7.00 

24,79 

7750,00 

47.00 

169.50 

304.50 

1,20 

3459.00 

74,62 

7750,00 

44.00 

170.30 

105.10 

1.15 

347R.00 

24.68 

2750,00 

47.00 

172.90 

100,00 

0,23 

3414.0P 

22.16 

2750.00 

46.00 

J71.70 

190,70 

-0.J3 

33%,  00 

71,70 

2750.00 

47.00 

174.20 

100,30 

-0,16 

3390.00 

21,03 

7750.00 

49,00 

173.50 

109.10 

-0,23 

3302,00 

21.37 

7750,00 

49.00 

J73.50 

J00.7R 

-0,46. 

336.9.00 

21.40 

2750,00 

70,00 

169.00 

105.00 

-0.?5 

3390.00 

21.65 

7750.00 

**51.00 

90.40 

90.00 

-1,57 

256.0P 

19.50 

2750,00 

77.00 

119.40 

133.10 

-0.44 

3770,00 

24,76 

.7750,00 

**57.00 

129.00 

131.00 

-0,54 

710,00 

31,93 

7750,00 
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54.00 

175.  w 

J95.W 

0.0B 

0.W 

71.09 

7750.  W 

55.00 

144.W 

149.40 

-0.45 

107.00 

30.f9 

7750. W 

!7P. 38 

iaw 

e.jf. 

3431.00 

10.  W 

7750.  W 

57,  W 

law 

194.W 

W.03 

3483. W 

If.  93 

2750.  W 

iaw 

law 

-0.w 

JW.W 

a  09 

7750.  W 

***59.00 

189.  W 

74.50 

0.00 

19.00 

4.W 

7750.  W 

***  «l.«t 

ia40 

a00 

0.75 

W.00 

7.40 

7750.  W 

f.J.W 

89.70 

f7.50 

-J.fl 

43.00 

0.70 

7750.  W 

f?,W 

law 

fs5.W 

1,09 

?0.W 

?,7? 

7750, W 

f?,00 

17P.W 

aw 

0.10 

15.00 

f.J7 

7750.W 

M.W 

87.70 

w.40 

-1.66 

4?.00 

6.75 

7750. W 

*5,00 

187.00 

W.W 

0.74 

W.00 

?,7) 

7750.  W 

ff.00 

188,10 

89.  w 

0.8? 

aw 

?.5? 

7750.  W 

f?.W 

1W.W 

aw 

0.14 

J7.W 

7.05 

7750,  W 

f*.00 

587.40 

aw 

-0.79 

57.W 

0.75 

775B.  W 

f.9.W 

I74.W 

aw 

0.07 

14. W 

9.W 

7750.  W 

aw 

171.50 

77. W 

0.40. 

19. W 

0.79 

7750.  W 

71,00 

ia48 

aw 

0,5? 

19.  W 

f.J5 

7750.  W 

?7M 

iaw 

aw 

0.53 

W.W 

3.f9 

7750.  W 

aw 

189.50 

aw 

0.30 

19.W 

f.?0 

7750, W 

74.W 

174.W 

aw 

0,?3 

W.W 

6.56 

7750.  W 

aw 

iaw 

a00 

0.30 

71.  W 

7.77 

7750.W 

aw 

I70.40 

a00 

0.34 

?).W 

9.44 

775B.  W 

77.  W 

W.  W 

83.40 

-1.4? 

?9,W 

3.93 

775R. W 

aw 

iaw 

aw 

0.44 

?J.W 

f.10 

7750. W 

aw 

J89.10 

aw 

6.2? 

0.W 

0,3f. 

7750,  W 

aw 

if7.se 

aw 

-0.1? 

0.W 

7.13 

7750.W 

91,00 

186.50 

W.40 

-0.35 

0.W 

0.03 

7750.  W 

87.00 

law 

80,70 

-1.10 

0.W 

0.99 

7750.  W 

aw 

law 

01.10 

-0,54 

0.W 

0.35 

7750.  W 

84,00 

jaw 

W.W 

-1.29 

0.W 

?.9 7 

7750,  W 

aw 

188.W 

W.W 

-0,50 

0.W 

7,f9 

7750,  W 

Pf..W 

187.58 

01. w 

W.W 

0.W 

3,40 

7750.W 

P7.W 

w.w 

03.00 

-0.57 

0.W 

0.W 

7750.W 

aw 

187,  W 

07.  W 

-0.73 

0.W 

5.01 

7750.W 

aw 

171,  w 

aw 

-0,09 

0.W 

1.67 

7750.W 

aw 

iaw 

?f.W 

-0,78 

0.W 

5.40 

77».  W 

9J.W 

iaw 

a?0 

-0.0? 

0.W 

0.09 

7750.  W 

aw 

177.70 

73,00 

0.14 

0.W 

4,f3 

7750. W 

aw 

IW.W 

aw 

0.01 

0.W 

f.J5 

7750.W 

aw 

177.10 

74.40 

0.01 

0.W 

5,95 

7750.  W 

aw 

iaw 

74.W 

W.W 

0.W 

3,ff. 

7750,  W 

%,w 

187.00 

74.W 

-0,0P 

0.W 

7,05 

7750.  W 

aw 

iaw 

74.50 

-0.0P 

0.W 

7,93 

7750.  W 

aw 

188.70 

70.70 

0.57 

0.W 

0.B4 

775P.W 

aw 

law 

aw 

0.03 

0.W 

4,0f 

7750.  W 

jaw 

1J7.W 

a40 

0,0p 

0.W 

4.10 

7750. W 

J«,W 

188.  W 

a  30 

-0.0? 

0.W 

3.09 

7750.  W 

187.  W 

IW.50 

73,30 

-0.10 

0.W 

7.1) 

7750.W 

law 

iaw 

aw 

-0,07 

0.W 

4,74 

7750.  W 

184,00 

IW.I0 

a  10 

-0.14 

0.W 

4.1? 

7750.00 

taw 

IW.W 

a00 

-6.18 

0.W 

3.44 

7750.  W 

jaw 

If".  50 

aw 

-0,?? 

0.W 

1.74 

7750,  W 

jaw 

If?. 50 

77.  W 

-0,70 

0.W 

3.73 

7750,  W 

jaw 

)f7.50 

aw 

-0.10 

0.W 

3.7f. 

7750.  W 
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J09.8P 

J77.W 

72.88 

-8.16 

8.88 

3.83 

ne.ee 

)69.» 

73.88 

-8.38 

8.88 

5.38 

in.ee 

i77.ee 

73,78 

-e.28 

8.88 

3.69 

ii?.ee 

!74,ee 

73.18 

-8.1? 

8.88 

3.66. 

M3.ee 

169. 70 

77.98 

-8.28 

8.88 

3.6? 

M4.ee 

169. ie 

77.78 

-8,18 

8,88 

3.79 

ns.ee 

171. W 

72.  W 

-8.16 

8.88 

4.51 

ne.ee 

173. 4e 

72.18 

-8.23 

8.88 

3.41 

M7.ee 

i7i.9e 

72.38 

-8.23 

8.88 

5.38 

ne.ee 

i«..ee 

71.98 

-8,8? 

8.88 

8.P9 

iie.ee 

166.88 

78.58 

-8.63 

8.88 

3.66. 

17e.ee 

167.38 

73.48 

-8.33 

8.88 

4.1? 

i?i.  ee 

177. ie 

71.88 

-8.7? 

8.88 

4.34 

it?,  ee 

i7e,4e 

73.68 

8.28 

8.88 

4.34 

i73.ee 

164,70 

78.  W 

-8.8? 

8.88 

4.83 

j?4.ee 

if4,se 

88,38 

-8.2? 

8.88 

4.89 

i7S.ee 

169.W 

74.W 

8.3? 

8.88 

1,53 

i76.ee 

177.98 

73.68 

8.39 

8.88 

5.81 

J77.ee 

169,66 

73.68 

8.39 

8.88 

3.21 

i78.ee 

168.90 

72.98 

8.37 

8.88 

3.89 

179.ee 

171.10 

72.68 

8.37 

8.88 

3.29 

i3B.ee 

177.60 

72.68 

8.38 

8.8R 

2.48 

i3i.ee 

169.30 

72.W 

8,38 

8.88 

5.64 

137.ee 

169.98 

72.38 

8.28 

8.88 

5.99 

133,  ee 

J78.88 

72.W 

8.28 

8.8B 

1.8) 

i34.ee 

171.98 

72.W 

8.23 

8,88 

3.89 

i3s.ee 

171.68 

72.68 

8.35 

8.88 

3.76. 

i3e.ee 

169.38 

72.78 

8.28 

8.88 

3.76. 

137.ee 

178.78 

72.48 

8.23 

8,88 

4.86. 

13e.ee 

169.38 

77.68 

8.19 

8.88 

4.86. 

139.ee 

174,38 

77.68 

8.77 

8,88 

4.J8 

i48.ee 

169.78 

72.88 

8.J? 

8.88 

4,17 

Hi,  ee 

174.88 

77.28 

8,25 

8.88 

8,80 

14?.  ee 

169.48 

77.88 

8.J6 

8.88 

0,88 

J43,ee 

174,88 

77,10 

8,77 

8.88 

8.88 

j44.ee 

168.70 

72.88 

8.17 

8,08 

3.89 

MS.ee 

171.88 

72.18 

8.23 

8.88 

3,99 

!4f.,  ee 

169.98 

71,98 

8,3? 

8.88 

3.21 

147.ee 

177.  W 

71.48 

8,45 

8,88 

3,41 

i48.ee 

177.78 

71.48 

8.36. 

8,88 

2.67 

i49.ee 

135,78 

75.88 

8.49 

8,88 

3,44 

iS8.ee 

167,88 

65.38 

8.55 

8.88 

9.26. 

isi.ee 

178.88 

87.88 

-8.28 

8,88 

7.68 

if-7.ee 

178.88 

74.28 

-8,33 

8,88 

7.84 

1s3.ee 

167.  W 

94.38 

-8,36. 

0.8P 

7.15 

iS4.ee 

169.88 

81.38 

-8,57 

0.00 

7,78 

iss.ee 

165,18 

75,88 

-8.78 

0,80 

7,96. 

27W.P0 
7m.  00 
77W.08 
77W.88 
?mM 
?m.w 

77W.88 

77w.ee 

77w.ee 

77W.ee 

77w.ee 

27W.ee 

77w.ee 

77W.ee 

77w.ee 

77W.ee 

77w.ee 

77w.ee 

77w.ee 

77W.ee 

77w.ee 

77W.ee 

77W.ee 

?7W.ee 

77W.ee 

?7W.ee 

77W.ee 

?7w.ee 

77w.ee 

77W.ee 

77W.ee 

77W.ee 

77W.ee 

77w.ee 

77w.ee 

?7W.ee 

ttw.w 

77W.ee 

77w.ee 

77w.ee 

?7w.ee 

?7W.ee 

77W.W 

?7w.ee 

?7W,ee 

77w.ee 

77w.ee 
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TABULATED  DATA  OF  ACCELERATED  LIFE  TEST  FOR  MANUFACTURE  M2 


★  ★ 


Test  Specimens  Consisted  Of: 
Pump  #355,  #358,  and  #361 


Data  points  are  automatically  taken  when  the  test  is  restarted 
after  the  DAS  alarm  system  has  shut  it  down. 
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PUMP  #355 


T!*r 

twit 

r<fnrr 

i»  rr frr. 

f<(T  rfftftf. 

ncu 

7TH' 

mix 

Tnf'('.r> 

TT^lf'ftfl 

■P31') 

(rftl ) 

((7V) 

•Tf*', ) 

t.ftri 

•Ti.Tft 

'94.  fft 

ft.  M 

73f:J.  (ft 

X.  7.3 

'TTft.fft 

?,PP 

193.  fft 

177. ftft 

ft.fv. 

3371.  ftp 

7ft.  93 

'-TTfi.fft 

3.PP 

171.  7ft 

tpj.fft 

ft,4f: 

733ft.  fft 

73:.  f3 

773ft.  ft 

4  .fft 

1 77,  fft 

1f3. 3ft 

ft.f? 

73  IP.  fft 

73:.  |f. 

779ft,  ftft 

**r ;.w 

171, 4ft 

If. ft.  1ft 

1.3*. 

Ifft.fft 

77-.  f3 

773ft.  ft 

f.,  ftp 

J71.78 

194.9ft 

ft.  ftp. 

33ft9,fft 

7?.  7ft 

?73ft.  ftp 

t.pp 

ttf.fft 

If  ft.  3ft 

J.61 

331/.  fft 

.77,1ft 

?73ft, ft 

9,  ftp 

179.3ft 

194,3ft 

ft.fft 

3333.  fft 

73..  77- 

'73ft,  fft 

■MW 

199, 3ft 

1ft?.  ftp 

ft.  39 

334ft,  fft 

73..  49 

7-73ft,  fft 

ft.  (ft 

.173.1ft 
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70.(8 
7J.W 

77. (8 

73.00 

74. (8 

75. (8 

78. (8 

77.  (8 

78.  (8 

79.  (8 
(0.(8 
RJ.(8 
K?.(8 

87. (8 
P4.(8 
85.(8 

88. (8 
**07.W 

(8,(8 

89.00 

90. (8 

91.  (8 
97.(8 
97.  (8 

94. (8 

95.  (8 
%.(8 

97. (8 

98. (8 

99. (8 
!».(8 
101.(8 
187.(8 
I(C.(8 

184. (8 

185.  (9P 
)0f.,(8 
187.(8 

m.m 


111.90 

It  5. 78 

183.88 
185.(0 
1(8.00 

183.98 

m.  ?8 

187. 18 

75.88 

84.18 
183.(0 
1(4.88 

187.78 

181.88 

187.58 

185.98 

185.78 
J 87.58 

189.78 

185.88 

187.40 

184.18 

183.88 

181.58 

187.88 

183.78 

184.58 

184.88 

187.58 

188.78 

184.78 

185.58 

157.78 

187.78 

188.58 

187.78 

188.88 

187.88 

188.78 
J87.38 

184.48 
184.08 

185,18 

188.48 
185.00 
184.00 

185.88 

188.98 

184.78 

187.78 

187.78 

185.88 

187.58 

183.90 
185,00 


114.10 
179.00 

178.40 

178.88 

181. 70 
177,00 

188.10 
0.00 
8,(0 

90.88 

178.70 
178:, 00 

175.78 

177.70 
177..88 

179.78 

175.40 

188.70 

188.10 

178.10 

175.88 

177.70 
177,00 

174.70 

175.10 

178.88 

177.88 

178.90 

1781.58 
18:7.00 
177.80 

178.98 

189.70 

170.40 

179.88 

181.78 
18:7,80 

188.40 
178.00 
J88.88 

177.10 

178.88 

178.40 

188.88 

178.90 

177.70 

178.88 
J78:,70 

177.50 

188.88 

188.50 

178.70 

178.10 

178,78 

177.90 


-1.87 
-1.80 
1.85 
-1.79 
-1.81 
-1.78: 
-),?? 
-1.71 
-1,10 
-1.73 
-1.78: 
1.34 
-1.85 
-1.73 
-1.18 
-1.15 
- 4.11 
-1.70 
-1.11 
-J.13 
-J.J9 
-1.77 
-1.73 
-l.J) 
-1.71 
•1.13 
1.0? 
-1.71 
- 1 .08 
-1.07 
-J.40 
-1.78. 
-J.7J 
-1.70 


77.17 

7750.(8 

7477,(0 

79,07 

7758.00 

74)9.88 

78.4? 

7750.(8 

7388.(0 

78.50 

7750.(8 

7407.(0 

78..  70 

7750.(0 

7417.(8 

78..  49 

7750.(8 

7419.(0 

78..  39 

7750.(8 

34J8.<0 

78..  31 

7750.  (8 

78.1.08 

37.45 

7750.00 

771,00 

41.45 

7750.00 

7443.(0 

78..  % 

7750.(8 

7447,(0 

78..  5) 

7750.(8 

3449.(0 

78..  84 

7750.(8 

7437.(8 

78..  57 

7750,(0 

3385.(0 

78.78 

7750.00 

7353.(0 

78>.  77 

7750.00 

3479.0P 

78..  78: 

7750,(8 

3443.(8 

78..  77 

7750,(0 

7451.00 

78..  75. 

7750.(8 

7459.(0 

78..  78. 

7750.(8 

7457.00 

78..  77 

7750.(8 

7457,(0 

78-  57 

7750,00 

3437.00 

78..  59 

7750.(0 

7474,(8 

78- 57 

7750.00 

7785.00 

78..  57 

7750.00 

7445.(0 

78..  79 

7750.(8 

7434,(8 

78..  19 

7750.(8 

3797.(0 

78.70 

7750.00 

7408..  (0 

78.33 

7750,(0 

3438.(0 

78..  70 

7750,(0 

7440,(0 

78.,  79 

7750.00 

7370.00 

78..  7? 

7750.(8 

3488.(0 

78..  88 

7750.00 

709.(8 

78..  54 

7750,(8 

7407,(0 

78..  78. 

7750,00 

7437..  00 

78.,  44 

7750,(0 

7437.(0 

78..  07 

7750.(8 

7417,(0 

78..  15 

7750,(0 

7431.(0 

78.39 

7750,00 

7437,(0 

78..  75 

7750.(0 

7439.(0 

78-,  77 

7750,00 

37f!7.(0 

78..  77' 

7750,(0 

7477,(8 

78..  78: 

7750,(8 

74J9.00 

78..  13 

7750,(8 

7478.(0 

78..  77' 

7750.(8 

7445,00 

78..  37 

7750,(8 

7457.(0 

78..  17 

7750,(8 

3444,00 

78.14 

7750,(8 

7458.C0 

78..  10 

7750,(8 

7478.(0 

75.98: 

7750,(8 

3407.(8 

78..?) 

7750,(8 

7409.00 

78..?) 

7750,(8 

7477.00 

78..  37 

7750,(8 

7444,(0 

78- 37 

7750,00 

7477,00 

78..  57 

7750,(8 

IW.W 

J54.J8 

jro-,38 

-j.ro 

34fif-.ro 

77.8? 

77T8.ro 

JJfi.W 

J83.J8 

J75.ro 

-J.78 

744J.ro 

78.8? 

:rnff 

JJ1.W 

ifK3.ro 

J78.ro 

-J.9J 

3JJ3.ro 

?f..74 

77T8.ro 

I17.W 

jfs3.ro 

J77.ro 

j.ro 

3433.ro 

X-.  fs. 

7.  T8.ro 

JJ3.W 

J  8.7. 48 

175.48 

-7.J? 

34ro.ro 

78-.T-7 

77T8.ro 

1J4.W 

Jfs3.ro 

17f-.38 

-J.74 

3399.ro 

Tf-.f-f- 

7T8.W 

J15.W 

jf4.ro 

J 78.38 

-1.4? 

3435.ro 

Tf-,49 

77T8.ro 

Jlf-.ftf 

jfs3.ro 

J75.78 

-1.4? 

3435.88 

X-.5? 

?7T8.ro 

JJ7.C* 

Jf.J.48 

)75.» 

-J  .79 

7433.88 

7f..3fi 

77T8.ro 

jw.ro 

J78.78 

iro-.ro 

-j.ro 

3377.ro 

X-,73 

7iT8.  ro 

JJ9.ro 

jf5.ro 

J79.18 

-i.ro 

3373.88 

78.55 

?T8.ro 

)  78.ro 

jf.?.ro 

jf8.ro 

-J.J7 

3359.ro 

7f-.3f- 

77T8,  (8 

j?j,ro 

jf.9.w 

iro.ro 

-j.j? 

33fi-J.ro 

78,38 

?7T8.ro 

J77.W 

J7j.ro 

184.48 

-8.99 

mj.ro 

78.  )fi 

7758.  f8 

j73.ro 

Jf4.7fl 

J77.78 

-j.ro 

34??. ro 

77.8) 

;T8.ro 

j74.ro 

jro.ro 

J77.ro 

-1.58 

7447.ro 

X-.59 

?T8.ro 

j75.ro 

Jfs5.78 

J78.ro 

-1.48 

3484.88 

78.58 

TT8.ro 

J7t.ro 

jro.ro 

J79.ro 

-J.J8 

3487.ro 

X-.44 

TT8.ro 

j?7.ro 

J89.W 

JF8.48 

-j.ro 

33jfi.ro 

7f.,3? 

TT8.ro 

**  J?8.ro 

77.78 

fif-,98 

-7.14 

?83.ro 

3f-.J8 

TT8.ro 

j?9,ro 

Jf-4,78 

J7?.ro 

-J.J8 

3448.ro 

78.79 

TT8.ro 

J5J.ro 

Jffi,78 

JfiJ.38 

•  J  .58 

3435.88 

78,4.? 

TT8.ro 

JM.ro 

Jf4.88 

J7f„ro 

-J.«- 

3438.f8 

78.77 

TT8.ro 

jM.ro 

jf-7.ro 

iro.ro 

-j.ro- 

74ff-.ro 

78.9J 

TT8.ro 

j33.ro 

If 5. 38 

J7P-.48 

-j.ro 

34!?.ro 

78,48 

TT8.ro 

j34.ro 

if4.ro 

J77.38 

-1,89 

34?f..ro 

X-,48 

TT8.ro 

J35,w 

jf4.ro 

J78.ro 

-j.fij 

747fi.ro 

X-.57 

TT8.ro 

J38.ro 

jff.ro 

J79.48 

-j.ro 

7437.ro 

78.75 

TT8.ro 

J37.w 

Jf-7.38 

J79.78 

-j.f.j 

339T-.ro 

78.49 

TT8.ro 

J38.ro 

jf-9.ro 

iro.ro 

-j.ro 

3438, P8 

78. 43 

TT8.ro 

j39.ro 

jf8.ro 

jf8.ro 

-J.45 

33f-7.ro 

78.3? 

7T8.ro 

J48.ro 

J88.J8 

JfiP.98 

-J.Tf- 

3397.08 

78.78 

TT8.ro 

14j.ro 

jf-7.ro 

jfij.ro 

-J.55 

3387.ro 

78.44 

TT8.  ro 

i4?.ro 

if-9.ro 

jro,98 

-j.ro 

748f:.«i 

X-.P9 

?T8.ro 

143.ro 

J7j.ro 

jro.78 

-J.38 

335?. ro 

7f*.  45 

?T8.ro 

j44.ro 

jf-7.ro 

jfij.ro 

-J.39 

337J.08 

78.48 

.T8.ro 

j45.ro 

jro.ro 

iro.ro 

-  J  .44 

337f-.ro 

?f..  58 

TT8.ro 

jv..ro 

J78.ro 

iro.ro 

-J.77 

34?5,ro 

78.49 

;T8.ro 

j47.ro 

jf-7.ro 

jf8.ro 

-i.ro 

344/.P8 

78. 48 

7T8.ro 

J48.ro 

i7j.ro 

jro.ro 

-  J  .58 

3485, ro 

X-.44 

TT8.ro 

t49.ro 

lf-7.38 

tfi8.ro 

-1.5? 

74JJ.ro 

-v  r- 
A-.  \s- 

:  T8.ro 

J58.ro 

jf7.ro 

JW.J8 

-1.48 

748f-.ro 

78. 8*1 

;  r*8.  ro 

jr.j.ro 

J84,ro 

J77.ro 

-8.fS 

34f8,8P 

X-.54 

77T8.ro 

)37.ro 

iro.78 

iro.ro 

-J.J7 

3445.ro 

X-,4? 

7T8.ro 

j53.ro 

iro-.ro 

jro.ro 

-J.3f- 

343J.f8 

X-.Jfi 

TT8.ro 

i54.ro 

Jf-3.  J8 

)78.w 

-J.49 

343f-.ro 

78.54 

TT8.ro 
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TABULATED  DATA  OF  ACCELERATED  LIFE  TEST  FOR  MANUFACTURE  Ml  AND  M2 


Test  Specimens  Consisted  Of: 

Ml  -  Pump  #353  and  354 
M2  -  Pump  #356 


*  Data  points  were  taken  when  outlet  temperature  thermocouple 
was  malfunctioning;  remaining  data  points  were. 

**  Data  points  are  automatically  taken  when  the  test  is  restarted 
after  the  DAS  alarm  system  has  shut  it  down. 

?  Suspect  data  point  due  to  flowmeter  transducer  reading. 


3% 


PUMP  #353 


TW 

juft 

rtmrr 

!H  FKTf. 

ft ft  F*F39 

nr m 

9Ff7T- 

HtUS 

TFJF<*F) 

tttfw 

<P9J) 

(ISJ) 

((Til) 

(fftl) 

J.00 

It  £.70 

197.7P 

0.30 

3393.(0 

71/0 

7/0.00 

7.00 

171.00 

JB3.00 

0.70 

7\S.?.C0 

71.1) 

7730.00 

3,(0 

173.00 

193.10 

-0.37 

3371,00 

71.19 

7S0.00 

4/0 

170.70 

197,90 

0/3. 

3333,00 

If:,  77 

7730.00 

3,10 

174/* 

)90„00 

-0.10 

3377.00 

If:.  TP 

7/0.  (0 

6.00 

174,30 

196.40 

•0.37 

3333,00 

If:,  16- 

.7/0,00 

7.00 

174,30 

193,70 

-0,33. 

333f:.00 

If  47 

7/0,00 

B.00 

167.90 

190.70 

-0,03 

3377'.  00 

IB,  17 

7/0.00 

9.00 

177960 

190v  30 

-0,97 

3373.00 

IB.  79 

7/0.00 

10.00 

169.90 

194.40 

-1,00 

3337.00 

IB,  47 

7/0.00 

11.00 

170,90 

194,90 

-0.04 

3337.00 

IB.  77 

7/0.00 

1.7,00 

164.(0 

Iff..  40 

1/3 

3411,00 

71.47 

7330.00 

13.00 

177.00 

193,70 

-0,77 

3377,00 

IB.  36 

7/0.00 

J4.0B 

174,30 

199.40 

-0.77 

3371,00 

JB.45 

7/0.00 

J3.00 

131.40 

134.00 

-1.37 

7ffi,00 

79. 76. 

7/0.00 

**lf<,00 

171,60 

530.90 

-1.70 

709.00 

73.73 

7/0.00 

17. 00 

174.00 

194.30 

-0,73. 

3797.00 

JB.47 

7730.00 

1P..W 

170.00 

194.40 

-0.39 

3369.00 

IB.  44 

7330.00 

19.00 

174.00 

199.10 

-0.30 

3373.00 

19.7) 

7330/0 

70.00 

171.30 

196,f0 

-0.77' 

3373,00 

19/4 

7/0/0 

**?>’<* 

171.10 

194.70 

-0,73 

336,9.00 

19/0 

7/0/0 

77.00 

70.30 

00.70 

-7.07 

39.00 

10.14 

7/0,00 

73.(0 

171.00 

191.70 

-0,73 

3371 .00 

59,40 

7/0/0 

?4.(« 

171.90 

J9f.,  70 

-0.30 

3367.00 

19,37 

7/0,00 

73/0 

173/0 

190.30 

-0,07 

3300.00 

19,07 

7/0/0 

**76.  00 

00.00 

70.70 

-  7'.  ft? 

317.00 

9,  .79 

.7/0/0 

77.00 

170.00 

193.00 

-0,13 

3339.0P 

19,9) 

7/0.10 

7P.00 

170.00 

194/0 

-P.33 

3366,00 

19,91 

7/0/0 

74.00 

174.40 

190.90 

-0,34 

3377.00 

19,33 

7/0,00 

3R.00 

173.30 

196,30 

-0/3 

3336.,  00 

19.67 

7730.00 

31.00 

171.00 

194.70 

-0/3 

3337.00 

19.0) 

7/0.00 

37.  00 

177.40 

196,10 

-0.6,9 

3360.00 

.19,47 

7/0/0 

33.00 

174.90 

!9f!,70 

■0.77 

3337  00 

IB.  S 

7/0/0 

34.00 

J7J.70 

194,10 

0/9 

3334 , 00 

19/0 

7/0,00 

Si.  00 

177.00 

1%.00 

0./ 

3347.00 

19,74 

7/0,  (0 

36.00 

173.30 

193,00 

0.04 

3333.00 

Si.  7) 

7/0/0 

37,00 

171.00 

193,30 

•0.37 

3330.00 

19.70 

7/0/0 

3P.00 

173.90 

196,10 

-0.47 

3 330.00 

70,00 

7/0/0 

34.00 

170.00 

197,40 

•0,30 

3343.00 

19.60 

7/0.  >‘0 

40.00 

174,70 

197'.  00 

■0.70 

333.7.00 

41.0) 

7/0/0 

41.00 

173.10 

196,00 

-0/4 

3331,00 

19.74 

7/0/0 

47.00 

171,30 

194,10 

-0/7 

3333.00 

70.0P 

7/0.00 

43.00 

171,10 

193.40 

-0.70 

333.7,00 

19.77 

7/0/0 

44.00 

170,00 

191.90 

-0.73. 

3330.00 

19.79 

7/0/0 

**43.00 

171,00 

170/0 

- 1/7 

174,00 

79.33 

7/0.10 

40.00 

171,10 

.193,30 

-0.03 

3347.00 

70.  fif: 

7/0.00 

47.00 

177.40 

197.30 

0.f7 

3347.00 

19.93 

7/0/0 

4P.00 

177.70 

IS..  90 

0,f*. 

3373.00 

.70,33 

7/0.00 

49.00 

173,30 

197.30 

-0.43 

3330,00 

19.BB 

7/0.00 

30.00 

171.10 

197,30 

0/1 

3337.00 

70.10 

7/0/0 

31.00 

50.9.00 

190,00 

0,39 

3347,00 

IB.  91 

7/0/0 

37.00 

J70.30 

191/0 

0/0 

3337.00 

70.  S 

7730,(0 

33.00 

17P.30 

193.10 

■P.3B 

3364,00 

Si.  36. 

°/0.00 

1 

54.50 

171.50 

194.70 

-0.5R 

335.9,00 

70.77 

7750,50 

55.50 

174.70 

194.50 

-0.50 

3333.00 

.70.17 

7750.00 

50.50 

171,90 

195.0P 

-0.59 

3355.50 

19.13 

7750.55 

57.50 

177.70 

197.70 

-0.50 

33)5,50 

70.59 

7750,00 

50.00 

J7J.5B 

194.0P 

-0.50 

3357.00 

70.15. 

7750.00 

f«9,f« 

173.50 

195-50 

-0,57. 

3347,00 

.70,55. 

7750.00 

50.00 

175,50 

194,70 

-0.50 

3357.00 

70.1? 

7750.00 

5.J.50 

171.70 

194.00 

-0.57 

3341.50 

.70.11 

7750.00 

57.50 

175.00 

195.30 

-0.50 

3310.50 

70.55. 

7750.50 

**5k\50 

If.7.40 

170.00 

1.J7 

154.00 

30.1? 

7750.50 

54.50 

179.40 

191.30 

-0.39 

33T5..00 

19.05. 

7750.00 

<5.50 

170.70 

197,50 

-0.5? 

3343.00 

19.04 

.7750,50  ! 

50.50 

170,40 

197.00 

-0.54 

3379.00 

19.05 

7750.00 

f.7.W 

17P.30 

191.50 

-0.50 

3351.00 

19.05. 

7750.00 

50.50 

17P.50 

191.40 

-0.57 

335.1.00 

J9.71 

7750,50 

50.00 

177,00 

191,10 

-0.55. 

3357.00 

19.01 

7750.50 

7B.00 

177,90 

191.50 

-0.53 

3345.00 

19.75. 

7750.50 

71.50 

174,50 

J97.50 

-0.5f: 

3314.00 

19.59 

7750,50 

7?.fW 

177,10 

194.70 

-0,54 

3355.(0 

70.17 

7750.00 

73,00 

179,40 

191.50 

-0.57 

3373.00 

70.1? 

7750,50 

74.00 

171,90 

191.50 

-0,50 

3354.50 

J9.97 

7750.00 

75,50 

177,90 

191.50 

•0.55 

3355„ 50 

19,30 

7750,50 

75-00 

1 77.70 

191.00 

-0.50 

3314,00 

19.77 

7750.(0 

77.00 

179.50 

191.50 

0.5? 

337B.00 

J9.59 

7750,50 

7ft.  00 

170,40 

19J.30 

-0.79 

3314.00 

19.5? 

7750,00 

79.00 

17P.  50 

J 97.70 

-0.45 

3377.00 

.70.1? 

7750,50 

90.00 

170.90 

197.70 

0,50 

33.10,00 

19.79 

7750.0P 

91.00 

173,90 

194,70 

-0.50 

33)0.00 

19,47 

7750,50 

97,00 

109,90 

1951.70 

•0.0P. 

3797,00 

19,55. 

7750.50 

! 

93,00 

171.30 

193,70 

-0.91 

3350,50 

19.50 

7750.50 

i 

04.00 

170,10 

191.40 

-0.09 

3359,50 

19,05 

7750,00 

i 

95,00 

177.40 

194.50 

-0,90 

3304.50 

19,07 

7750,50 

.  ! 

90..  00 

174.00 

191,50 

-0.74 

3357.50 

19,54 

7750,50 

97.00 

170.70 

191.10 

-0.09 

33I7.0R 

19.71 

7750.00 

99.00 

177.00 

193.7P 

-0,90 

33P5.00 

70.04 

7750,50 

99.00 

174.00 
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p.74 

74ft..  PP 

7~ 

'ftftP.ft'. 

r*  rift 

rip 

177.  fit 

t.ff 

\  ? 

Tft/t.fft 

t?..  t-tr-t 

!  ft".  Pft 

1f;7.?p 

P.77 

>15 .  ftt 

ftftft,  Pf‘ 

ft.  ft 

t74  np, 

Pft  7ft 

•  \x  7? 

r  ,  f  |-\ 

77,1.1 

7ft$,  PP 

**!ftpp 

'31.4P 

173. Pft 

■  1.7? 

37,  fft 

7ft$,pp 

**  tr..  rift 

Ift.TP 

•I.at 

TfH.pp 

37,  fft 

777$. f$ 

'?.!¥ 

171 .  rtf* 

Iff:,  ftp, 

•fl.TT. 

74  It.  ftft 

73.% 

'?*■$.  fft 

ip.rif- 

Iftftft 

ir*-.  /r< 

,fx  7f» 

3777.  Pft 

7?  /ft 

'-ft$,  % 

tftfft 

f  74.  ftp 

ifft.fft 

P.  ft 

7471 .  ftp 

*  «  •»  f »/ 

7ft, ft,  fft 

'ft.  ftp 

'f:7.  ftp 

P.77 

77ft.  Pft 

'p  ftft 

7ft$,  pp 

?i,rtp 

!7t.  tft 

Ifi'.fft 

P,7f 

?,77f:.fsp 

ft*’  <■'« 

7ft$.ftf-: 

**ft'.pp 

7f..  3ft 

ff,/ft 

?.  P? 

4ft,  fftt 

•  /  -*r 

7?$.fti ft 

'"..ftp 

f?t,Pp 

IW.ftft 

P.7'7. 

74  ft.fft 

777$,  Pft 

74,  Pip 

*71 -ft 

1ff7,  ftp 

P.ft. 

71ft?.  pp 

74.  f$ 

7;ftP,fft 

n.pp 

173.% 

If*  7ft 

P.f., 7 

7.71 7.  ftps 

/ 1»#  1  . 4 

'T$.fft 

($.  ft 

1  r .  \> 

7.P7 

TTv-fft 

ft r,  rtf, 

.4>r  *t  • 

Ift.P.ttiv 

:?.p$ 

'Tft.ft 

1ft,  ft 

r'i,  \  7> 

7447,  Pft 

74.14 

■"ft$,  ftp 

tp.  r-tf-i 

l7P,f$ 

Iff,,  tp 

■  p.ft. 

TTYx  flCf 

/.‘r  (•»' 

?'%.  (ft 

fti.pp: 

174, 4P 

1ft,  ft 

p.ft 

74ft.  Pft 

>  »'• 

7ft/.  PP 

"ft.  rip 

17ft  ft 

!  Pft, 'ft: 

•p.f’. 

7477,  Pft 

ftft  ftC< 

••  »  ‘r  1  \  • 

fvTP.PP 

171. fP 

tft,.4P 

p.f’. 

7411.  Pft 

ftft  C -• 

/  1‘rt'l 

''?$ .  fft 

7-^,  w 

I’ftlft 

if:?,  ft 

p.ft. 

7737.  fft 

ftft 

.'i'iII 

.777$,  PP 

37..  ftp 

t?4,ft 

1ft.  ft 

p.77 

’/ft.fft 

ftft  ft;« 

7ftft,f-f 

34.  ft 

171  7f< 

1ft.  4P 

P.ft 

7477.  ftp 

73.74 

/fftft.lf 

37.  RP 

i-, -'p 

If:?,  ft 

ft  *7f, 

7771'. ,  fft 

77T$.PP 

?l.  pip 

ift.ft 

1  '*n''  /  IX 

P.P4 

»*■}»  *»  »r  t  •*  •• 

777$.  fft 

37.  ftp 

?7!,PP 

iff.,  ft 

P.77 

?4.7f.,fft 

V  **v' 

771$,  fft 

’ft.  ftps 

*77./<ft 

« ri“, 

■P.47 

747$,  (ft 

/ft  '  ;1 

7ft$.(ft 

77.  ftps 

.!  7ft.  ftp 

I'M.fft 

P.ft 

7-147,  fft 

ftil  1  ft 

"ft$,  ffi 

4P.PP 

1 74 ,  fpf 

If:?,  ft 

P.TTt 

747P,  fft 

74.  ff. 

"?:$.($ 

■It.  Ftp 

177.1P 

1ft,  ft 

R.i'4 

7447.  fft 

■ftft  rtf 1 

77T$.  Pft 

171,  Tft 

1ft,  .ft 

P.ft 

747.7,  pp 

ftil  f 

??r$.fft 

43,  ftp; 

17* ,  ‘ft 

1ft.  ftp 

ft.  TP 

737 7.  fft 

74. 7ft 

7ft$,  ftp 

*4,  ftp 

17ft., ft 

1ft.  ft 

ft.  ft 

3/r?t; ,  fC' 

74.4'.; 

7ft$.r$ 

**4ftftP 

171.  Pft 

174.  -ft 

I.ft 

if$,  fft 

ftft  ftf, 

»  t'  r  (•<  • 

777$,  fft 

-V..PP 

!*’?  \fi 

1ft..  !P 

ft.ff. 

33ft.  fft 

ftct  ft\ 

77T$,PP 

<*7,  ftp 

17’,  4ft 

'ft- ft 

•  P.ft 

34  ip,  fft 

ft/j  r 

'?:$.  p$ 

‘If:.  PR 

*77. TP 

1  ft:,  ftp 

P.ft. 

77f<i.  PP 

;*ft 

ftftp.wt 

47,  Ftp 

177, TP 

’ft.  ft 

P.47. 

ft.;  7,  fft 

74,4! 

777$.  ft 

**T$,ftP 

171. 1  ft 

•rr  t  C* 

•  •».-> 

P.  ft. 

ft.fft 

•'4.4ft 

777$,  (ft 

ft.  ft 

iff;.;  ft 

ir-4.ft 

p.ft: 

ft,f.':.ff 

ft/t  ft*? 

'  i  r  )  %  • 

771$.  fft 

:.:-.pp 

1 7ft,  ft 

ift,  ft 

P.ftt 

74*77.  (ft 

y*\,\x7 

7ft$.ft 

73.  ft 

•Tp.ft 

'ft.  ft 

ft.’P 

344.1 ,  ftp 

74.  ?f. 

777$,  (ft 

Ho 
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34/0 

j7t.ro 

iro.ro 

o.ro 

3481/0 

74.(4 

7730.(0 

rr./o 

'74.70 

Iff:,  70 

o.ro 

7443,00 

74.3? 

7730/0 

ro.oo 

i7i.ro 

107.(0 

•  0/8 

3470.(0 

74.74 

7730.00 

r.?/o 

177',  :o 

i 88.10 

o.ro 

3-473.00 

r/6t  t 

7730,(0 

r0/O 

171.ro 

iro.ro 

o.ro 

7471.00 

74.74 

7730.  (0 

rf>.  (O 

i77.ro 

Iff.  70 

0.03 

7447.00 

74. 7(. 

7730.00 

80.  OB 

173/0 

irs/o 

o.ro 

7470..  00 

74,38 

7730.00 

81/0 

171.70 

iro.ro 

o.r.'1 

7438/0 

74.37 

7730/0 

87,  BO 

173/0 

1*0/0 

•  o.ro 

7440/0 

74,78* 

7730,00 

**87/0 

tf.7.48 

109. 70 

1.1.7 

187/0 

7730/0 

84/0 

170,# 

tc4.ro 

0,38 

3477.(0 

74.37 

7730.00 

85/0 

170.70 

iro.ro 

0.8? 

7474.00 

74.37 

7730.00 

(5/0 

170. -10 

Iff..  70 

0,04 

7474/0 

74,37 

A/0. 00 

87/0 

170,70 

184.90 

o.ro 

7437/0 

74.41 

7730.(0 

80/0 

t70,ro 

ir4.ro 

0.07 

7430,00 

74/.? 

7730.00 

(.8,(0 

.177,00 

Iff.  70 

o.ro 

3478.(0 

74.78 

,7730.(0 

70.00 

i77,ro 

IfO/O 

0.33 

7447,(0 

y<\r;S: 

77*0/0 

?! ,  Rfi 

!?4,ro 

Iff.  70 

o.ro 

74!.J/0 

74. 1 1 

7730/0 

??,<0 

17?',  10 

tf:7.;0 

0/4 

7444/0 

*Y  r. 

S »  /  \  • 

7730.  fO 

73/0 

170,40 

Iff, 70 

0,07 

7448/0 

74,11 

7730,00 

74.(0 

171/0 

iff.ro 

o.ro 

3478,00 

7730.(0 

73/0 

177/0 

irf.ro 

o.ro 

7438/0 

74.78 

7730/0 

78.00 

S77.70 

iff.ro 

o.ro 

7441/0 

74,40 

7730/0 

77.00 

i70.ro 

Iff.  70 

0.07 

3441.(0 

74.7*7 

7730,00 

7fi.GR 

170.10 

iff,;o 

o./; 

347,8/0 

74,74 

7730/0 

79,  OB 

J70.ro 

Iff.  70 

0.43 

7438,00 

74,4? 

7730,(0 

80,  fO 

i70.ro 

UO.Oft 

0/0 

7437/0 

74.70. 

7730/0 

SJ.OR 

173,  fO 

tfo.ro 

■o.ro 

34!  8/0 

74. 18 

7730.(0 

87/0 

iro.ro 

if4.ro 

O.fO 

7448/0 

74.7*? 

7730/0 

83/0 

171,70 

iro.ro 

0.8J 

7435/0 

74.78. 

7730/0 

84/0 

170,10 

Iff.  10 

0/f 

7487,(0 

74, 8.3. 

7730,00 

ff/o 

177,40 

107/0 

■  0/0 

7447/0 

74.78. 

7730.00 

fsf..  Psfi 

174.00 

IfO/O 

■  0,74 

7448/0 

.74, 48 

7730/0 

87,00 

i70.ro 

iff.ro 

O.ff 

7487/0 

74.70 

7730,00 

ff/O 

177,00 

io7.ro 

0/0 

84ff.ro 

v  r.fi 

'  iMH* 

7730.00 

ff/O 

174.00 

IfO/O 

0/0 

7448/0 

73'.  07 

7730,00 

90/0 

171/0 

uo.to 

0/0 

7440,00 

70.3? 

7730.(0 

9t/o 

i7t.ro 

IfO.IO 

o.ff; 

3438/0 

rf.ff 

7730/0 

8?/o 

171.40 

tfo.ro 

0/0 

3444.(0 

73 

7730/0 

43.ro 

177,00 

•ro.ro 

0/0 

7404.00 

A.,37 

7730/0 

94,00 

171.70 

ifo.ro 

o/;? 

7438/0 

77.08 

7730,00 

88/0 

171.ro 

ifo.ro 

-O.ff 

7433/0 

77.(0 

7730,(0 

88,(0 

171,40 

iro/o 

0/0 

3430,00 

X./0 

7730.(0 

97.  BB 

171/0 

187.70 

O.ff? 

7478,00 

rv.,37 

7730/0 

90,00 

I74.ro 

ro.io 

0/0 

348,7.  OB 

x*.% 

7730/0 

80/0 

170,70 

188.78 

0/0 

7430,00 

A*.  47 

7730,00 

1(0/0 

174/0 

189.10 

0/f 

7434/0 

A*.  7,7 

7730,(0 

1W.BB 

!7i.ro 

1ff.r0 

0/0 

7443/0 

78/4 

7730/0 

)«?/* 

174.fO 

/O.JO 

0/f 

7448/0 

78.83 

7730/0 

KP.00 

i7i, ro 

iro.ro 

0/4 

743.8/0 

A:.  71 

7730,(0 

104,00 

177,70 

iro.ro 

0.87 

7447,00 

7730.00 

:fr.,BB 

174/0 

ifo.ro 

fy  r,~7 

7444,(0 

31,(0 

7730.(0 

108/0 

174.ro 

iff/o 

ft  r<> 

v** 

7443,00 

3.7/ 0 

7730.00 

W.BB 

174.00 

iro/o 

-0/0 

7400.(0 

38,8) 

7730.00 

JKi/O 

171/0 

IfO.TO 

0.78 

7433,(0 

4).  08 

7730,(0 

W.ftfi 

I7I.PP 

iff.rfv 

MtUfl 

173.3P 

Iff!,  Oft 

111. ftp 

'07, ’TP 

107, 4P 

?  ))?,<-*! 

•07,  TP 

If:?,  ftp 

?  1)3,  fft 

w,r« 

1  fit  TP 

**  114.  (ft 

703P 

3ft  7P 

1 13,  if' 

17ft 'ft 

If?,  If* 

DOW 

If.?.  If* 

1PJ ,4P 

U?.ft 

io?,7*p 

10,00 

1)3,  ftp 

Iff!.  TP 

JP7.7P 

1)3,  ft 

)?7.1ft 

Iff.  ftp 

m,w 

107. TP 

iK?.r*p 

)?1,pp 

107.10 

to.7ft 

m.w 

ITfi.Oft 

130,  IP 

m.w 

It OOP 

jw.rft 

jw.pp 

If.  7.PP 

ffftfft 

m.w 

33.  OP 

1P3.7P 

*77. tp 

137.7P 

177,  «t 

10?.!fi 

mM 

*  m.t tB 

ifofft 

ftpp 

J3R.PP 

i07*.3P 

173,3ft 

131.PP 

107, 3P 

If. 7, 3ft 

137,  ftp 

100.  fft 

7PP.7P 

133.  PP 

!f  OOP 

133,7ft 

134,  PP 

103. 4P 

17T.,?f» 

**  137.PP 

{:!.% 

34,7*0 

130PP 

17PJP 

If./', 4ft 

13?,fi 

lOOfft 

173.3P 

130  PP 

If.?,  fft 

170, OP 

133,  PP 

10'..  fft 

lO.ffi 

140  fft 

10"- OP 

17T..PP 

141,  PP 

tf.t.ffi 

1?0.rP 

ft  33 

3*r?.  tft 

37,3.1 

777ft  fft 

ft  73 

3403.  (ft 

43. 1 1 

',’TisM 

I,;;? 

XWtifi 

73.0.? 

777ft  .PP 

1,40 

3403.  fft 

74.44 

777ft.  fft 

1.43 

347ft  fft 

70.  fft 

777ft,  ftp 

1.77 

3P0.PP 

41. 4f: 

TTTP.PP 

ft,  7' 

34r«ft.«4 

74.4) 

;*77fi.fft 

P.3P 

3*144,  ftf> 

74, 4f. 

TTTP.PP 

t  T 

}  #/» 

347?.  t4t 

74.3) 

777ft  lift 

1.37 

347ft  PP 

74.47. 

7773.  «i 

ft,  77 

74u'..ftft 

74.13 

TT'YtOP 

-I, I! 

340?.  PP 

74.73 

?77<v'iP 

1,7? 

3473.  fft 

74.7*1 

/77ft  ,3 

ur* 

3433.  PP 

?4.4f. 

HTTP,  ftp 

1.41 

740.?.  «t 

74.3? 

/TTftif 

1,34 

3433.  ff< 

74.33 

777ft.  fft 

ft.  OS 

37*33.  Oft 

77.  ft 

777ft.  (if** 

ft  If. 

740  .Oft 

-n.  c- 

/ » t#  .'1 

777ft  fft 

ft.ff. 

340.7.PP 

74,73 

777ft  (ft 

;,;t, 

7*404.  Oft 

74.;? 

777ft.  (ft 

•  .1,1) 

3444. fft 

74. 17* 

777ft  f« 

!,'■'? 

74f.;tfft 

74,4ft 

777ft.  fft 

•  1,4*1 

3437. PP 

74.47* 

7773.  Itt' 

•1,43 

7443,  fft 

74,  ft? 

777ft.  fft 

i,?r. 

3440,  fft 

74,77 

7773,  fft 

■  1.7ft 

747*7,  fft 

74.47, 

’■'77ft.  fft 

■?.3? 

131,  ftp 

3*1,. 37 

777ft  fft 

1,1) 

3474.  fft 

74.43 

777ft,  Mi 

l.fft 

740'.  fft 

74.0 

??7ft,ff 

-1,;? 

33?0.fft 

74.37 

777ft,  fft 

1.30 

7.477.  fft 

74,33 

7733.73 

■l.or* 

7474.  fft 

74.  ft 

7773.  fft 

J.tX 

3444,  fft 

74.03 

7773,  fit*. 
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TABULATED  DATA  OF  ACCELERATED  LIFE  TEST  FOR  MANUFACTURE  M3 


Test  Specimens  Consisted  Of: 
Pump  #364,  366,  and  367 


Data  points  were  taken  when  outlet  temperature  thermocouple 
was  malfunctioning;  remaining  data  points  were. 

Drive  coupling  in  gearbox  failed  therefore  pump  shaft  was  not 
rotating. 


PUMP  #364 


Tiff 

mn 

«mn 

JNPRFT 

CUT  PRFff. 

new 

6FnTi 

WUS 

TRf(*f) 

TTTF(*F) 

<P6J) 

(ff.I) 

(RFHi 

j.00 

167.90 

177.40 

1.60 

7850.60 

18.34 

1880.  <0 

7.00 

141.50 

150.50 

1.4? 

7937.00 

71.67 

1600.08 

3.(0 

165.W 

174.40 

1.51 

7976,00 

77.84 

)600.0?i 

4.(0 

144.90 

153.90 

1.40 

7949.80 

71.56. 

1800.80 

5,(0 

146.70 

IT.  70 

1.38 

7988.80 

71.58 

1800.  f0 

6.00 

153.70 

167.50 

1.77 

7885,00 

71.97 

1808.80 

7,(0 

165.30 

174.80 

1.3) 

7908.00 

71.73 

1880.80 

8.(0 

161.10 

170.40 

1.73 

7863.00 

71.76. 

1880.80 

9.60 

167.80 

169.50 

1.76 

7850.00 

78.70 

1600.80 

18.(0 

177.30 

187.00 

1.35 

7849.(0 

71.35 

1680.(0. 

11,00 

163,08 

177.60 

1,78 

7886.80 

71.73 

1880.(0 

1 7.(0 

186.48 

175.80 

1,3? 

7834.80 

79.63 

1880.00 

13.(0 

169.30 

179.80 

1,3) 

7885.00 

71,93 

1600.60 

14.(0 

J67.70 

171,90 

1,33 

7895.(0 

71.84 

1600.00 

15.(0 

170.00 

179.50 

1.3) 

7783.(0 

71.76 

1860.80 

16.(0 

159.40 

169.00 

1,74 

7878.80 

77.37 

1(00.80 

17  M 

163,38 

177.70 

1.34 

786.7.(0 

77.44 

1(00.60 

tp.,60 

170.30 

579.80 

1,36 

7790.80 

77.39 

1860.(0 

19.00 

183.40 

373.10 

1.40 

786.7,(0 

77.)  7 

1880.80 

70.00 

169.40 

178.70 

1.30 

7813.(0 

77.43 

1(00.00 

71.00 

165.10 

175.50 

1.78 

7880.08 

77.38 

1(00,00 

77.00 

174,60 

184.30 

1.36 

7847.00 

77.3) 

J880.00 

73.60 

167.30 

175.80 

J.30 

79)5.80 

77.4) 

1(00,60 

74.00 

183.48 

173.08 

J.70 

7879.(0 

77,4? 

1(00.80 

25.00 

173.80 

183.00 

1,3) 

7801.80 

77,69 

1800.(0 

76.(0 

155,80 

165,90 

1.17 

7898.80 

71,16 

1(00.80 

77.00 

168.,  80 

176..  58 

1,74 

7837.00 

77.56 

1(00.80 

70.00 

161.40 

171.00 

1.74 

7913.00 

77.55 

1800.60 

79.00 

153.60 

163,80 

1,10 

7971,80 

71,13 

1(00.80 

#  30.00 

J45.38 

144.60 

1,33 

3011,(0 

77,73 

1500,80 

31.00 

160.60 

176.50 

1.5? 

7680.00 

7J.53 

1(00.60 

*>37.00 

149.70 

178.70 

1.P6. 

3055.(0 

77.3? 

1(00.80 

-*33.00 

151.80 

143,00 

1,77 

38)1,00 

73.38 

1(00,80 

34.00 

J54.70 

163,70 

1.46. 

7899.(0 

77,95 

1(00.80 

35.00 

160,00 

J77.50 

1.57 

7960,80 

77.66 

1(00.80 

36,(0 

174,80 

183,50 

1,54 

7843,80 

77.60 

1(00.80 

37.00 

160.70 

169,60 

1.5? 

7857.(0 

77.76. 

1(00.80 

38.00 

158.90 

166.40 

1.44 

7874,80 

77.18 

1(00/0 

39.00 

157,70 

J66.00 

1,45 

7848.(0 

77,4) 

1(00.80 

40.00 

158,70 

166.78 

1,46 

7058.(0 

77.18 

t(00.80 

41.00 

I55.7P 

165.7B 

J.34 

7898,(0 

77.13 

18(0.601 

47.00 

IT.,  30 

164.60 

1,3? 

7878,(0 

71.56 

1(00.00 

43.00 

158.70 

160.30 

1,74 

7650.60 

77.1) 

1(00.60 

44.00 

153,18 

167.30 

1.78 

7*56.60 

77. ft 

1800.80 

45.00 

157.10 

166.30 

1,3) 

7863.60 

71.89 

1(00.00 

46,00 

153.W 

16.7.50 

1,3? 

7834,(0 

77.87 

1(00.60 

47,00 

153.70 

J67.40 

1.28 

7903,(0 

77,86. 
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18.72 

16*0/0 

14.00 

170,00 

178.60 

1.3) 

3071.60 

18.78 

J 600.(0 

)f«.  00 

159.40 

167.90 

1.24 

3081.60 

19.15 

16*0.60 

16,00 

163.30 

171.90 

1.34 

3062.60 

19.15 

16*0.60 

17.00 

170.30 

178.90 

1.36. 

3060.60 

19.10 

16*0.  (0 

10.00 

163,40 

170.10 

1.40 

2937.60 

19.15 

1600.(0 

19.00 

169.40 

177.00 

1.30 

3023.00 

19.13 

16*0.60 

20.00 

J65. 10 

173.00 

1.20 

TO QO  (M 

19.25 

16*0.60 

21.00 

J74.60 

182.90 

1.36. 

3060,00 

19.23 

1608.(0 

22.00 

167.30 

175.50 

1.30 

3)10.60 

19.23 

1608.(0 

23.00 

163.40 

171.90 

1.20 

3048.60 

19. 28 

1608.  (0 

24.00 

173.60 

101.40 

1.3) 

308). 00 

19.24 

1608.(0 

2f.,00 

Jf5.88 

162.50 

1.17 

3057.60 

19.88 

1600.10 

26,00 

166.90 

175.00 

1.24 

3)08.00 

18,75 

16*0.0 

27.0P 

161,40 

169.60 

1,24 

2964.60 

18,8) 

1600.(0 

28.88 

153.60 

159.90 

1.10 

2860.60 

19.88 

1608.(0 

29.00 

145,30 

143.70 

1,33 

3079.60 

19.8) 

16*0.60 

30.00 

'6P.60 

174,38 

1,52 

3084.00 

19.83 

1608,(0 

*  31.00 

149.20 

128,10 

1.88 

3)71.00 

19.37. 

16*0,60 

#32.00 

151.60 

140.20 

1.22 

3122.08 

19,6) 

5608.(0 

33.00 

J54.20 

162.10 

1.46 

3099.00 

19.88 

1888.(0 

34.00 

166.00 

176..  00 

J.57 

3094.60 

18,95 

16*0.88 

35.00 

J74.00 

181.^ 

J.54 

3601.60 

18.% 

16*0,60 

38.60 

160.70 

165.90 

1.52 

3041,60 

J9.85 

16*0.60 

37.00 

15R.90 

162,00 

1.44 

2871.00 

J9.8P 

16*0,60 

30.00 

157.20 

166.00 

1,45 

3006.,  60 

19.86. 

16*0.60 

39.00 

150.20 

166,10 

1,46. 

3869.60 

19.07 

16*0,10 

40.00 

Jfr.,70 

164,70 

1,34 

2828.60 

J9.07 

1608.(0 

41,00 

Iff.  30 

164,30 

1.3? 

2979,60 

19.10 

16*0.60 

42.00 

J50.70 

159.00 

1.24 

3041.00 

19,14 

1608.(0 

43.00 

153,10 

162.00 

1,28 

3043,(0 

19.04 

16*0.  (0 

44.00 

157.10 

166.,  00 

J.3) 

3089,00 

19,08 

1608,60 

45.00 

153.00 

161.00 

1.3? 

3074,60 

19.6* 

1888,60 

46,00 

J53.70 

J6J.50 

J.28 

3075.60 

19.03 

1608.(0 

47,00 

156.90 

165.00 

1.32 

3032.00 

19,05 

16*0.60 

40.00 

152,00 

161.30 

J.27 

3083.(0 

J9.60 

18(0.60 

49.00 

152.50 

168.00 

J.29 

3024,60 

19.02 

1608.(0 

50.00 

152.30 

168,70 

1.25 

3032,(0 

18.99 

16*0.60 

51,00 

150.90 

159.90 

1,20 

7798,60 

19.00 

1608.60 

52.00 

152.30 

J60.90 

J.24 

3052,60 

19.06. 

1888,(0 

53.00 

152.10 

160.40 

1.24 

7943.60 

19,0? 

16*0.60 

54.88 

i5f.ro 

165.18 

1.24 

3869.88 

19.84 

iPTO.ro 

56.W 

158.38 

158.78 

1.21 

3847.» 

19.85 

i8TO.ro 

56.W 

154,78 

Jfs3.ro 

J.21 

2544.88 

19.TO 

ipro.ro 

57.88 

157.78 

159.98 

1.22 

3889.W 

19.1) 

i888.ro 

58.TO 

J5S.88 

167.58 

1.33 

3851.88 

19.16 

1888.88 

59.W 

lfl,48 

if4.ro 

1.32 

3874.«l 

19.15 

1888,88 

6B.P6 

J5S.38 

162.38 

1.38 

2965.W 

19.15 

iero.ro 

6J.TO 

J5S.78 

162.58 

1.19 

3812. « 

19.3) 

i8TO.ro 

67.W 

159.58 

164.48 

1.39 

2628.ro 

18.98 

i8ro.ro 

fs.ro 

165.78 

165.38 

J.26 

2766.88 

18.8) 

i8ro.ro 

f4.ro 

iro.ro 

165.58 

1,29 

3834.88 

28.81 

i8ro.ro 

65.ro 

159.88 

167.78 

1.35 

2f47.ro 

18.78 

i8ro.ro 

ff.ro 

167.58 

iro.ro 

1.28 

3847.88 

18.89 

iero.ro 

f7.ro 

155.98 

164.98 

1.48 

386).P8 

18.89 

i8ro.ro 

f8.ro 

158.58 

159.58 

1,32 

3864.88 

18.88 

i8W.ro 

f9.ro 

155.98 

164.58 

1.28 

2571.88 

19.15 

iaro.ro 

7R.ro 

157.88 

166.98 

J.26 

3878.88 

19.71 

J888.ro 

7i.w 

156.88 

164.48 

1.18 

3871.88 

18.73 

)8ro,ro 

7?.ro 

16), J8 

169.58 

1.27 

38TO.W 

18,95 

iaro.ro 

7s.ro 

155.78 

J63,ro 

1.16 

2433.88 

18.95 

J8ro.ro 

74.ro 

155.78 

164.28 

1.75 

/Wt'»  IV 

18.98 

J888.ro 

75.ro 

154.78 

J63.28 

1.78 

3865.88 

18.95 

)8ro.ro 

*7f..ro 

167.78 

121.68 

8,83 

3)  f8.ro 

73.78 

i8w.ro 

77.ro 

159.78 

iro.ro 

1.37 

2946.80 

73.53 

)8w.ro 

78.ro 

159.88 

iro.58 

1.78 

2876.88 

28.49 

ipw.ro 

79.ro 

155.78 

164.38 

1.76 

2972.88 

28.48 

jpro.ro 

ro.ro 

161.38 

169.38 

1.23 

3822.W 

19.87 

ipro.ro 

8i.ro 

158.38 

iro.ro 

1.76 

2828.88 

19.22 

)P88.ro 

8?.W 

155.78 

164.58 

1.78 

3873.ro 

19. 18 

ipro.ro 

8s.w 

ifi.ro 

J69.98 

1.15 

3861,88 

19.28 

J888.88 

84.ro 

155.88 

164.58 

1.18 

3875,88 

19.84 

ipro.ro 

ro.ro 

if5.ro 

163.58 

1. 17 

3878.88 

19.84 

iero.ro 

86.  W 

156.58 

165.80 

1,78 

2924,88 

J8.88 

lero.ro 

ro.w 

157.78 

J66.S8 

J.14 

3872.88 

19.86 

iPTO.ro 

ro.w 

154.88 

J6s3.ro 

1.87 

2954.88 

19.ro 

ipro.ro 

89.ro 

157.28 

165.W 

1.17 

38R2.W 

19.84 

1888.TO 

98.ro 

ifi.ro 

178,18 

1.14 

3874,88 

18.99 

ipro.ro 

9i.ro 

154.88 

163.48 

1.12 

386s3.88 

18.93 

jero.ro 

9?.ro 

if?.ro 

171.28 

1,87 

3875.88 

18.95 

ipro.ro 

9s.ro 

167.58 

165.48 

1.13 

3888.88 

18.98 

jpro.ro 

94.ro 

154.78 

163,58 

1.87 

3869.W 

19.P5 

K988.ro 

95.ro 

157.f8 

166.38 

1.17 

2947.88 

18.97 

lero.ro 

9f.ro 

157.68 

iro.ro 

1,11 

3P58.W 

J8.93 

jpro.ro 

97.ro 

159.88 

167.58 

1.86 

3B2J.80 

18,91 

i8TO.ro 

98.ro 

153.78 

167.58 

1.13 

3P63.W 

18,92 

i8TO.ro 

99.W 

iro,» 

169.78 

1,88 

TftCft  on 

18,88 

i8ro.ro 

iw.ro 

J5f.ro 

J65.78 

1.1) 

38TO.W 

24.TO 

i8TO.ro 

i8i.ro 

iro.ro 

168.58 

J.B9 

3877.88 

18.97 

laro.ro 

i8?.w 

157.78 

iro.58 

1.13 

2994,88 

19,83 

i8TO.ro 

jro.ro 

153.78 

163.28 

1.84 

3P55.W 

18,87 

1888.88 

i84.ro 

151,  ro 

159.28 

1.42 

279J.88 

18.77 

i8TO.ro 

iro.ro 

154.38 

163.18 

1.39 

7964.88 

18.82 

J888.ro 

i8f.ro 

J57.18 

iro.ro 

1.43 

28TO.W 

J8.75 

1888.88 

i87.w 

148,98 

157.28 

1.32 

3828.ro 

J8.74 

)8ro,ro 

iro.ro 

J4S.J8 

i5i.ro 

1.32 

7881,88 

J9.28 

laro.ro 

4H 


les.ee 

is?. 3e 

jfce.ee 

I.3T 

3ess.ee 

JB.74 

jff«.ee 

UB.PB 

j37.ee 

)4fc..3e 

J.3R 

3M3.ee 

je.ee 

j  m.  ee 

JH.BP 

J4).ee 

J4fc.,4e 

J.Sfc 

2R?i.ee 

JB.BR 

jeee.ee 

U7.PB 

)43.7e 

157.46 

I.T7 

7794,  fR 

JS.Zfc 

jfee.r-e 

n?.ee 

J47.7e 

jsf..fce 

J.79 

?99e.ee 

JB.fc4 

JffR.ff. 

*  H4.ee 

157.7R 

j?fc.9e 

0.93 

3J25.00 

J9.3B 

jeee.ee 

*us.ee 

i55.ee 

144.7B 

1.2? 

3ee4.ee 

J9.re 

jsee.ee 

nf.ee 

i5?.fe 

JfcJ.Te 

1,37 

3624.  fR 

IB. 9) 

jBfe.fe 

n?,ee 

jf5.se 

jse.ee 

J  ,44 

2Bfc4.ee 

JB.7P 

ne.ee 

J3fc.se 

i4fc..ee 

J.J7 

miM 

JB.7R 

iiRB.re 

ne.ee 

jsfc.ee 

jfcsr..?e 

1.37 

? 

10.0) 

irM  J<‘ 

jtb.br 

J4fc.se 

jss.4e 

J.J9 

3ft5.ee 

JB.77 

j BRR.fft 

jtj.pp 

)S9.3e 

jfc7.se 

1.30 

3h  ?  ee 

JB.97 

JffR.BR 

J27.ee 

jfcj.se 

jf5.7e 

J.7B 

7e?e.ee 

JB.BR 

JffR.RR 

j?3.ee 

J57.2R 

jse.se 

J.3P 

7724. ee 

JP.Bfc 

JffR.BR 

m.ee 

lfcJ.fcR 

i?i. ee 

e.9i 

3jfc.3.ee 

J9.37 

VMM 

J25.ee 

J4?.ee 

jsi.ee 

j.tj 

3eefc.ee 

JB.77 

JffR.ffi 

J2fc.ee 

14s.ee 

!S3.?e 

J.TT 

3RB7.ee 

J9.R9 

jffR.ee 

i27.ee 

ise.ee 

ise.ee 

J.5S 

299B.ee 

JB.9! 

jeee.ee 

J7e.ee 

js?.se 

jfci.Te 

J.75 

7R72.ee 

JB.74 

jBRe.ee 

j79.ee 

J4fc..ee 

JS4.9e 

J.TJ 

3ee9.ee 

JB.71 

JBfR.PR 

J3e.ee 

)S7.ee 

Jfc5.3R 

J.30 

7«fc.ee 

J9.R3 

JffR.RR 

J3j.ee 

13J.7R 

)4e,4e 

j.efc 

79f.7.ee 

JB.74 

jffe.ee 

*  )37.ee 

jfcs.je 

iJ3.fce 

e.73 

3J4f..fe 

J9.J0 

jsee.ee 

j33.ee 

J44.70 

J53.76 

J  .30 

2723.ee 

JB.73 

jBee.ee 

J34.ee 

js3.se 

jfc?.ie 

J  .29 

3es4.ee 

J9.W 

j see.ee 

J3s.ee 

J 47.9P 

jsi.se 

J.J4 

7B2fc.ee 

IB.  75 

iffR.ee 

57f.ee 

)4e.2e 

157.76 

J.39 

3es7.ee 

JB.79 

laee.ee 

J37.ee 

J49.7P 

JSB.46 

J.J9 

7M3.ee 

JB.7R 

: see.  pr 

i3R.ee 

jse.se 

IS9.36 

J.J9 

3R4R.ee 

JB.7fc 

jffR.ee 

j39.ee 

jfcj.ee 

Jfc9.TR 

J  .29 

3R92.ee 

JB.77 

JBRR.ffi 

J4e.ee 

14s.ee 

isj.se 

3,3e 

3e34.ee 

)B.fc4 

jfee.ee. 

)4j.ee 

jfe.Te 

jf£.4e 

3,3) 

7R3fc.ee 

JB.BR 

JBBp.ee 

TABULATED  DATA  OF  1,000  HR.  TEST  FOR  MANUFACTURER  Ml  AND  M2 


Test  Specimens  Consisted  Of: 


Pump 

m2 

MET 

OUTLET 

iK  PRESS  OUT  RRE: 

EHE’.-kE- 

TEI'IP',:*F.» 

',PSI.»  '.PS  I.1 

79 

775# 

7f. 

775# 

ft? 

775# 

H 

775# 

7# 

775# 

% 

775# 

l\ 

775# 

45> 

775# 

44 

775# 

Tj 

(S 

If 

49 

7ft 

n 

775# 

775# 

775#. 

775#. 

775#. 

775#. 

#? 

775#. 

47 

59 

775#. 

((. 

775#. 

94 

775#. 

7f. 

775#. 

« 

775#. 

5? 

775#. 

79 

775#. 

!ft 

775#. 

99 

775#. 

W 

775#, 

99 

775#. 

» 

775#. 

95 

775#. 

ff. 

775#. 

f# 

775#, 

f# 

775#. 

94 

775#. 

n  — 

i 

* 

r 

! 

[  i 

l«7.»  ) 

f?,W  1 

IW.7K  ! 

i  54.»  1 

If?.  3ft  1 

f5,W  ! 

lf?,»  ! 

%M  1 

Itft.flft  ] 

'  57.»  ! 

rri  A£> 

If*.  4ft  ! 

1  /  c  ^ 

f?.«t  u 

i‘ 

fft.wt  )l 

! 

f.9.«t  X 

k 

t 

TB.ftft  J< 

?J,«t  X 

7?.«t  X 

F7.W  j; 

».»  X 

t 

».»  X 

9f).«t  X 

9J.W  X 

I 


197.W 

>71.79 

196.49 

1.46. 

3995. » 

73.79 

7759.* 

)*.* 

17?.* 

194.* 

1.46. 

3*7.  W 

73.* 

7759.* 

MM 

166,49 

191,79 

1,4? 

3)79.* 

77.* 

7759.* 

119.* 

167,79 

197.79 

1.4) 

3964.* 

73.16 

7759.* 

111.* 

167.99 

193.* 

1.44 

3994.W 

73.14 

7759.* 

1 17.W 

169.39 

193.59 

1.49 

3973.* 

77.65 

7759. W 

1)3.* 

>67.19 

197,* 

1.49 

31J9.W 

73,74 

7759.* 

m,* 

167.59 

197.39 

1.39 

3*4.* 

73.* 

7759.* 

1)5,* 

167.39 

191.* 

1.34 

31)6.* 

73.1? 

7759.* 

1)6,* 

166.59 

191.19 

1.36. 

39*.* 

73.91 

7759.* 

)J  7M 

166.59 

199,39 

1.39 

393?.* 

73.94 

7759.* 

119.* 

16?,* 

197.69 

1.34 

3994.* 

??.* 

7759. W 

U9.ee 

169.49 

193.59 

1.75. 

3997.* 

73.14 

7759.* 

i?9.* 

>69.79 

J95.* 

1.3) 

319?.* 

77.* 

7759. W 

MM 

171.79 

597.* 

1.34 

3)16,* 

77,79 

7759.* 

17?.* 

169.59 

194,59 

1.79 

3996..* 

73.* 

7759.* 

1  KM 

169.* 

193.59 

1.79 

31W.W 

73.16 

7759.* 

J74,* 

166.69 

jfti.ee 

1.41 

319).* 

73.77 

7759.* 

175,* 

166,49 

19).* 

J.31 

3999,* 

73.79 

7759.* 

176,* 

177.59 

197.59 

1.34 

3)31,* 

73.1) 

7759.* 

1 ??.* 

166,99 

197.19 

1.79 

3719.* 

73.1) 

7759.* 

I7e.ee 

171.49 

196..* 

1.15 

3791.* 

73.96 

7759. » 

MM 

169.79 

193..* 

1.79 

3776..* 

73.79 

7759.* 

179.* 

166.19 

191.* 

1.69 

3196..* 

73,45 

7759.* 

131.ee 

167.99 

193.* 

1,96 

3)*.* 

73.39 

7759.* 

137.ee 

167.* 

197.* 

1.13 

37')?,* 

73.93 

7759.* 

133.* 

167.19 

197.39 

1,14 

3)74.* 

73.39 

7759,* 

134.* 

173.79 

196.* 

1.74 

37)9.* 

73.1) 

7759.* 

135.* 

171.79 

197.69 

1,19 

3193.* 

73.77 

7759.* 

136.* 

169.* 

194.79 

1.16 

3i9i.ee 

73.  JJ 

7759.* 

137.* 

167.49 

197.59 

1.14 

1)99.* 

73.  W 

7759.* 

136.* 

169.79 

191,79 

1,15 

3799.* 

73.79 

7759.* 

139.* 

169.79 

194.* 

1.47 

3)94.* 

73.4? 

7759.* 

140.* 

17?.* 

197.* 

1,47 

3794.* 

73,17 

7759.* 

Ml.* 

169.59 

194,39 

1.43 

319). W 

77.95 

7759,* 

147.* 

174.39 

197,49 

1.41 

?.???.* 

73,39 

7759.* 

143,* 

174.59 

199.79 

1,4? 

3J96.W 

73.93 

7759.* 

144.* 

169.39 

194.39 

1.37 

3799.* 

73.77 

7759,* 

>45.* 

167.49 

197.49 

1.36. 

3)96.. » 

77.93 

7759.* 

146.* 

169.* 

19?,* 

1,49 

3?*,* 

73.19 

7759.* 

147.* 

179.79 

195.59 

1,41 

3793,* 

73.76. 

7759.* 

149,* 

167.59 

197.59 

1.36 

3)*,* 

73,99 

7759.* 

149.* 

166.* 

191.79 

1.35 

37)6,* 

73,1? 

7759.* 

1*.* 

169.* 

594.* 

1,59 

3)56,* 

73.49 

7759.* 

151.* 

169.* 

194,79 

1,43 

37)3,* 

73,79 

7759.* 

157.* 

177,* 

191.59 

1.5) 

37)7. W 

73.1) 

7759.* 

153.* 

173,79 

1*.* 

1.39 

37*,* 

73.33 

7759.* 

154.* 

179.59 

195,59 

J.77 

3797,* 

73,73 

7759.* 

155.* 

171.19 

196,79 

1,73 

37*.* 

73,19 

7759.* 

156. » 

169.79 

193.59 

1,17 

3?’~.* 

.73,79 

7759.* 

15?.* 

173,59 

196,* 

1,79 

3)99,* 

73.76. 

7759.* 

15R.» 

173.19 

199.19 

1,19 

3739,* 

.77.97 

7759.  W 

159,* 

167.49 

19?.* 

),* 

3779.* 

73.79 

7759,* 

1*.* 

167.79 

J97.W 

1.99 

3774,* 

73.49 

7759,* 

16).* 

16?.* 

197.39 

J.13 

37)9,* 

73,37 

7759.W 

J67.ee 

168.60 

1R7.TR 

1.14 

327f.ee 

73.78 

775e.ee 

163.00 

167.5B 

jei.se 

1.16 

37j9.ee 

73.63 

775e,ee 

164,(40 

177.4(4 

1R7.PP 

1.71 

3717,(40 

77,97 

775e.ee 

J65.RR 

177.1(4 

1R6..RP 

1.74 

3?3e.ee 

73.(46 

775e.ee 

)66,PP 

MM 

1R7.RP 

i.Te 

3?i6. ee 

73.36 

7750.00 

167.00 

H7M 

JR7.PP 

1.77 

37si.ee 

73.56- 

775e.ee 

16R.0P 

MM 

187.40 

1,73 

3779.ee 

73,75 

775B.ee 

169,(40 

MM 

JR7.TP 

1,17 

3?je.ee 

73.59 

7750.00 

170,(40 

mM 

jR7.ee 

1.73 

37e3.ee 

73.76 

775e.ee 

171,(40 

MM 

1R7.5P 

1,71 

37R7.ee 

73.76. 

775e.ee 

177.00 

m.7* 

ie3.se 

1.7T 

3i97.ee 

73.76 

775e.ee 

173,(40 

171.(4(4 

iR6.ee 

1.19 

3i7R.ee 

73.76- 

775e.ee 

174.0B 

177.9(4 

1R7.7P 

i.Te 

373e.ee 

73.49 

775e.ee 

175.00 

177.60 

1R7.5P 

1.7R 

T7R9. ee 

73,45 

775e.ee 

m -.ee 

171.ee 

JR5.TP 

1.71 

T?j7.ee 

73.36- 

775e.ee 

177.(40 

171.4(4 

1R6.4P 

1.19 

T7i6-.ee 

73.1) 

775e.ee 

178,(40 

177.5(4 

1R7.TP 

J.7R 

Ti44.ee 

73.55 

775e.» 

179.00 

171.1(4 

jR6-.ee 

1.71 

T?j?.ep 

73.79 

775e.ee 

IRP.RR 

169.00 

183.60 

1,19 

37J6.ee 

73,14 

775e.ee 

JR). (40 

167.9(4 

1R7.7P 

1.31 

37u.ee 

73.34 

775e.ee 

1R7.0B 

169,80 

184.40 

1.34 

3)R?.ee 

73.35 

775e.» 

1R3.00 

169.9(4 

ie4.se 

1,31 

37R3.ee 

73.7? 

775e.ee 

184.P0 

I68.W 

1R7.5R 

1.T1 

3?)7.  ee 

23.57 

7750.R0 

185.0B 

if^.ie 

1R7.5R 

J.7R 

3i97.ee 

73.53 

775e.ee 

186,(40 

171.7(4 

J85.9R 

1.34 

T7Rf-.ee 

73.45 

7750.00 

1R7.00 

171.4(1 

JR6-.JP 

1.52 

TiR8.ee 

73.35 

775e.ee 

1P8.0B 

J77.7(4 

1R7.7P 

1.34 

Ti93.ee 

73.# 

775e.ee 

189.(40 

16(1.9(4 

1R7.TP 

1.7R 

3194.00 

73.49 

7750.00 

J9B.00 

MM 

JR7.RP 

1,75 

3)6-1,00 

73,58 

775B.ee 

191,(40 

17f..7(4 

JR9.6R 

J.5R 

3)45. ee 

77.80 

775e.ee 

J97.0R 

177.6(4 

JR6.7P 

1.51 

37RB.ee 

73.R) 

775e.ee 

J93.P0 

175.7ft 

J9P.7P 

1.5? 

T777.ee 

77.97 

775e.ee 

194.0R 

175.7(4 

J9P.5e 

1.54 

3700.(40 

77.96- 

775e.ee 

J95.0B 

177.4(4 

jR7.ee 

1.54 

T7P7.ee 

73,45 

775e.ee 

196-.0B 

i7e.ee 

JR6.6P 

1.4? 

T77i.ee 

73,33 

775e.ee 

197.0P 

167. TP 

1RT.TR 

1.4P 

T70j.ee 

73.8? 

775e.ee 

19R.00 

167. IP 

je3.ee 

1.35 

3715.00 

73.5? 

775e.ee 

199.PB 

i7e.ee 

1e4.ee 

1.35 

3)69.00 

73.6) 

775e.ee 

700.00 

169.7P 

iei.se 

1.35 

TJTi.ee 

73.57 

775B.ee 

MM 

169.7P 

iee.ee 

1.76- 

37JR.ee 

73.7R 

775e.ee 

7B7.0B 

175. TP 

JR9.5P 

i.ee 

3?49. ee 

73.76- 

775e.ee 

MM 

J7f.ee 

1R9.7R 

P.7? 

3743.ee 

73.7? 

775e,ee 

MM 

17P.PP 

J97.5R 

1.(46 

3776.ee 

73.2? 

775e.ee 

MM 

17P.4P 

197, 4R 

P.R? 

3737.ee 

73.  J7 

775B.ee 

MM 

179.9P 

J97.9P 

P.R4 

T74R.R0 

73,0) 

775e.ee 

MM 

J73.60 

jee.je 

R.97 

374?.ee 

73,79 

775B.ee 

MM 

180.(40 

194.se 

P.77 

3745.ee 

73.33 

775B.ee 

MM 

179.PP 

J93.S0 

P.R5 

3738.ee 

73.45 

775e.ee 

mee 

171.PP 

1R6.7R 

1,65 

3757.ee 

73,  R7 

775e.ee 

71J.00 

J69.5P 

iR4.ee 

1.59 

3i96.ee 

73.  R3 

775e.ee 

717.BP 

171.JP 

jes.ee 

1.59 

T7T6-.ee 

73,  R5 

775R.ee 

7)  3.BB 

i7e.ee 

1R4.5R 

1.59 

377i.ee 

73,  R6 

775e.ee 

7)4.00 

MM 

176.# 

1.7? 

3737.ee 

79.73 

7750.00 

715,00 

i7e.ee 

1R4.# 

1.54 

373e.ee 

73.68 

?75e.ee 

716.00 

j77.ee 

1R6.5R 

1.5? 

375i.ee 

73.79 

775e.ee 

440 


7)7,00 

175.0R 

190.90 

7)0.00 

170.90 

109.10 

719.0R 

173.<»P 

100.30 

770.00 

t7l.f» 

787.30 

mm 

157.0R 

101.00 

77?  M 

157.00 

100.00 

mM 

153.70 

177.10 

/MM 

mM 

170.,  90 

mM 

t5?.8fl 

170..  30 

7XM 

mM 

170..  90 

77?  M 

'(AM 

177.00 

TT^M 

175.90 

170.00 

779.00 

179.40 

100.00 

mM 

175.00 

109,00 

mM 

it?. 10 

100..  10 

7VM 

17) .38 

109.10 

733.00 

mm 

107.00 

77AM 

174.90 

t09.!0 

735.00 

mm 

100..  70 

mM 

17 (M 

191.10 

77?  M 

170.90 

109.00 

mM 

mm 

1014.90 

mM 

1 77. 9p 

191,40 

7WM 

177.0P 

107.00 

74  1.00 

175.88 

109.00 

74?  M 

175,88 

191.0P 

74  3.0B 

170.70 

104.0* 

744. W 

175,18 

190.40 

745.00 

174.00 

10P.00 

745.00 

171. 70 

109.70 

747 M 

174.10 

100.70 

74 ?M 

174.00 

J00.00 

74 9.00 

177.00 

191,90 

mM 

170.00 

109.90 

791.00 

171.00 

WM 

mM 

179.90 

J90.30 

793. 00 

177.00 

100..  30 

77AM 

177.70 

100..0* 

mM 

I77.5P 

100..  70 

mM 

174.0t 

100.90 

77?  M 

177.80 

191.90 

mM 

170.70 

190.90 

mM 

1«..70 

JP0.3P 

MM 

174. f0 

100.70 

MM 

170.40 

197.90 

MM 

100.00 

179.90 

753.00 

175.08 

109.00 

MM 

170.90 

197.00 

MM 

174.90 

1P9.70 

MM 

173.90 

107.70 

MM 

177.F8 

197.00 

MM 

100.00 

194,70 

MM 

100.70 

100.10 

MM 

179,30 

109.70 

771 M 

170.30 

177.40 

1.99 

3737.00 

73,55 

7190.00 

1.90 

3714.00 

73.74 

7790.00 

1.97 

3779.08 

73.59 

7790.00 

1.47 

3S05.00 

75.9? 

7790.00 

1.09 

37H.08 

74.07 

790.00 

1.04 

3774.00 

74.13 

>790-.  00 

1.# 

3749.00 

74.30 

790.00 

1.39 

3754.00 

74,44 

7790.00 

1.70. 

3770.00 

74. 39 

B.00 

1.74 

3730.00 

74.57 

1.10 

3779.08 

74,5f 

■  »V 

1.40 

3733.00 

74.00 

;  'n  A- 

1.3P 

3747.00 

74.13 

;>-»  On 

!  .34 

3777.00 

74.3? 

,ri  (*’ 

1.37 

3737.00 

74.7? 

?;*¥ 

1.39 

37)9.00 

74.17 

1.34 

3745.00 

74.11 

;TK% 

1.35 

3749.00 

74.13 

>790,90 

1.37 

3719.00 

74.03 

7790.00 

1.30. 

3770.00 

74,04 

,7t  .00 

1,39 

3751.00 

74.15 

77i0. 

1.3) 

3737.00 

74.1! 

7790,00 

1.35 

3771.00 

73.% 

7/9P.00 

1.30 

374 J. 00 

74.10 

7T0.00 

1,3) 

3717.00 

77.% 

7750.00 

1.35 

379P.00 

73.07 

7 190,00 

1.30 

3770.00 

74.74 

7790.00 

1.49 

3735.00 

74,09. 

7770,00 

1.47 

3740.00 

74.15 

>790..  00 

1.40. 

3744.00 

74.70 

>90.90 

1.47 

3743.0P 

74.  J  5 

7750.00 

1,45 

3749.00 

74.40 

1.5) 

3743.00 

74.74 

?MM 

1.43 

3733.00 

74,07 

"'90,00 

J.4) 

3747.00 

79.,  07 

7750,  > 

1,43 

3735.0P 

74.79 

>790,00 

1.43 

3715.00 

74,97 

790,00 

1,30 

3777,00 

31.09 

7790,00 

J.4J 

3731.00 

74,99 

7790,00 

1,39 

3747.00 

79,09 

7750,00 

1,4 4 

3771,00 

74.99 

7790.09 

1.43 

3734.00 

79,09 

7750.0P 

1.3P 

3799..  00 

75.43 

7T0.00 

1.47 

3739.00 

79,04 

7795.00 

1.44 

3735,00 

74.09 

7750.00 

1.30 

3744.00 

79.,  37 

7750.00 

1.47 

3747.00 

75,54 

7750.00 

1.44 

3751.00 

79.49 

7750,00 

1.40 

3739.00 

74,70. 

7750.00 

1.3P 

3740.00 

74.91 

775P.00 

1.43 

3744.00 

74.01 

7750.00 

1,41 

3740.00 

74.77 

7790.00 

1.70 

3730.00 

75.43 

7750.00 

J.3f. 

3743,00 

74.% 

7750.00 

1.30 

3730.00 

74.07 

7750. » 

m.» 

yn.m 

774,* 

"KM 

?7f.* 

-7?M 

V*.W 

779.* 


1?9.7& 

179.1* 

1?9,*? 

177.* 

i?9.7* 

t74,7* 

174.7? 

174,* 


!97.«? 

197.4* 

197.* 

1F7.f? 

*7-* 

7*'\r? 

7*7.4* 

tf.7* 


1.7? 

777 *■.,» 

1.97 

7.771.* 

1.7? 

7.747.* 

».* 

7.777.* 

t,9f. 

7774,* 

O  0*7 

777 *.» 

7..* 

19?.).* 

?.M 

*.» 

?4.tf 
74.  *1 
74,79 
7?>.*7 
J9.K* 
If.  9? 
4,67 
*.* 


77*.* 

77W.* 

777?.* 

77f?.W 

777?.* 

777?.* 

m* 

777?.* 


Pump  #3b7 


"I  ME 

IhLPT 

HOOPS 

TEMP  *F 

(.00 

164.70 

7.00 

164.70 

5.00 

165.70 

4.00 

164.00 

5.00 

164.5P 

(..00 

163.70 

7.00 

164.40 

B.00 

160.10 

0.00 

167.60 

10.00 

166.50 

11.00 

167.60 

17.00 

.164.50 

13.00 

163.70 

(4.00 

166..  50 

15.00 

165. 10 

16.00 

164.90 

17.00 

164.00 

10.00 

165.6* 

10.00 

164.30 

70.00 

164.30 

71.00 

J66.48 

77.00 

164.30 

73.00 

160.60 

74.00 

170.00 

75.00 

160.60 

76.00 

167.50 

77.00 

160.60 

20.00 

165.60 

79.00 

165.30 

30.00 

166.88 

31.00 

166.00 

32.00 

160.00 

33.00 

J65.60 

34.00 

167.50 

35.00 

140.60 

36.00 

165.50 

37.00 

165.00 

30.00 

160.40 

39.00 

169.60 

40.00 

165.50 

41.00 

160.60 

47.00 

167.00 

43.00 

!64.f0 

44.00 

169.30 

45.00 

164.70 

46..  00 

1(4.50 

47.00 

160.40 

40.00 

165,50 

49.00 

1(6.30 

50.00 

167.00 

51.00 

167.00 

OUTLET 

Ih  PPE 

TEHP’  tT  - 

■PS I  - 

173.60 

0.1? 

175.50 

-0.03 

177.60 

“0,94 

1 76..  60 

-1.04 

173.90 

-1.7J 

174,(0 

-1.29 

176..  10 

-1.50 

174.70 

-1.41 

173.10 

-1.6? 

170.10 

-1.04 

173.60 

-1.49 

174.70 

-1,58 

174.90 

-1.51 

177.90 

-0,41 

175.60 

-1.01 

176, .(0 

-1.03 

177.70 

-1.09 

175.50 

-0.76 

175.(0 

-0.89 

175.(0 

-1.01 

175.40 

-1.20 

175.(0 

-0.0? 

1(0.50 

-0.66 

176.30 

-0.6*9 

J78.78 

-1.77 

574.30 

-1.44 

175.60 

-1.59 

177.30 

-1.54 

177.1? 

-1,81 

173.30 

-1.6*6 

173.30 

-1.9? 

176..  70 

-1.93 

177.30 

-0.6*0 

179.70 

-0.93 

175.90 

-1.04 

179.50 

-1.10 

175.60 

-1.5? 

179.(0 

-0.6*6- 

176.50 

-0.6*5 

176.00 

-5.J4 

175..  90 

-  J  .79 

17R.50 

-1.37 

.175,50 

-1.40 

177,00 

-1.74 

(74.60 

-J.45 

174,30 

-1.5? 

179.(0 

-1.59 

176.70 

-J.64 

1,7.50 

-1.56 

170.40 

-1.40 

179.40 

-1.49 

OUT  PRESS 

FLOP 

i  ■ 

■.GPU’ 

2967. 08 

78.01 

m.M 

26..  71 

7903,00 

26..  07 

7961.00 

75.70 

7957.00 

75.74 

7944.00 

25.74 

7945.00 

75.6*3 

7936..  00 

75.75 

7957.08 

75,79 

7914.00 

75.69 

7949.00 

75.88 

7935.00 

75.,  90 

7950.00 

75.80 

7962.00 

76.53 

2990.00 

76.53 

7995..  00 

76.56 

7944.00 

76..  71 

7979.00 

76.66 

2975.00 

76..  73. 

7957.00 

76..  7*6. 

7904.00 

76..  61 

7936.00 

76.85 

7903.00 

76.78 

3ees.ee 

76.46 

296*9.00 

76..  46. 

2959.00 

76..  79 

295B.00 

76..  74 

296*0.00 

26.74 

3000.00 

76..  61 

2951.0P 

77.P8 

7950.00 

77.80 

7994.00 

76..  74 

7983.00 

76.,  79 

796*5.00 

76- 45 

7967.00 

76. 6*4 

796*3.00 

76.41 

796*7.06* 

76.88 

3007,08 

76..  46. 

2976*.  (0 

76.64 

3007.08 

76.66 

796*8.00 

76.74 

30(6.00 

76..  53 

3006.,  00 

76.80 

7968.00 

76.7? 

796*5.00 

76.8? 

796.7.P0 

7-6.98 

7994.00 

76- 43 

7993.00 

76..  73 

796*4,00 

76..  7? 

7979.00 

36.60 

799?..  00 

76,55 

SPEED 
'  RP'II  - 


7750.00 

7750.00 

7T&M 

7750.00 

7750.00 

7T%M 
2750.00 
7ft-. i S* 

775*. 80 

2750.80 
7750.00 

7750.80 
2750.08 

7750.08 

7750.88 

7750.  (ft 

7750.00 

7750.P0 

7750.00 

7750.00 

7750.00 

7750.00 

7750.88 

7750.00 

7750.00 

2750.00 

775P.0P 

7750.00 

7750.00 

7750.00 

7750.00 

7750,00 

7750.00 

7750.00 

7750.08 

7750.0P 

7750.00 

7756.00 

7750.(0 

7750.00 

7750.00 

7750.00 

7750.00 

7750.00 

7750,00 

7750.00 

7750,00 

7750.00 

7750.00 


I; 

j 


5?.* 

195.78 

179.* 

-1.59 

30*.  W 

76.75 

7750.* 

53.* 

195.58 

179.* 

-1.48 

5815,* 

78-.  74 

7750.* 

54.* 

197.50 

178.40 

-1.55 

79 87.* 

76.68 

7750.* 

55.* 

1(8.* 

179,40 

-1.40 

7975..* 

76.48 

7750.* 

56.* 

1(8.46 

177,78 

-1.45 

79*.* 

78..  80 

7750.* 

5?.* 

165.70 

175.5P 

-1,49 

7995.. » 

78..  77 

7750.* 

f 8.* 

165.50 

179.30 

-1.46 

5010.* 

76.66 

7750.* 

59.* 

165.70 

178,40 

-1.51 

7991.* 

78..* 

7750.* 

*.* 

1(8.90 

J7B.W 

-1.55 

'yyy  aft 

T8..88 

7750.* 

6).* 

171.* 

187.30 

-8.17 

5018.* 

78..* 

7750.* 

6?.* 

19?.* 

178.* 

-8.75 

798?.* 

78..  88 

7750.W 

63.W 

1(8.70 

179.* 

-1.8! 

7999.* 

78.69 

7750.* 

64.* 

1(9.50 

177.20 

-1.18 

5089.* 

76.58 

7750.* 

65.* 

178.78 

1*.50 

-1.57 

7978.* 

78.47 

7750.* 

86.W 

199.* 

1W.40 

-1.58 

7989.* 

78.54 

2750.* 

f7.* 

199.98 

177.* 

-1.50 

7974.* 

77.* 

2750.W 

68.W 

1(5.90 

175.40 

-1.48 

7988..* 

78.* 

2750.* 

69.* 

195.50 

175.* 

-1.54 

798?.* 

76.96 

7750.W 

70.* 

199.(8 

175.40 

-1.59 

7989. » 

78,93 

775B.* 

7!.* 

199.40 

178.10 

-1.5! 

7988. » 

77.40 

7750.* 

77.W 

175.58 

1*.W 

-0.75 

7979.* 

T8..77 

7750.* 

75.* 

197.58 

177.(8 

-1.10 

7997.* 

77. 70 

7750.* 

74.* 

178.78 

181.40 

-0.91 

5019.* 

78..  49 

7750.W 

75.* 

199.58 

1».70 

-1.09 

7*?.* 

76.45  ‘ 

7750.W 

76.* 

178.* 

181.58 

1.44 

7988.* 

.76.66 

7750.* 

77.W 

178.78 

178.* 

1.41 

7967. W 

77.49 

7750.* 

79.* 

171.18 

177.* 

1.79 

7954.* 

77.51 

775B.* 

79.* 

158.* 

189.78 

(.37 

504?.* 

27.83 

7750.* 

*.* 

177.78 

185.48 

1.49 

7998.* 

28.49 

7750.* 

81.* 

175.* 

184.* 

1.35 

799?.* 

78.P7 

7750.* 

9?.* 

1(8.* 

179.50 

1.73 

7983.* 

78.45 

7758.* 

95.* 

1(0.* 

178.70 

1.78 

29*.* 

78. 06 

7750.* 

94.* 

197.58 

177.70 

1.78 

.7977.* 

78.18 

7750.* 

95.* 

177.58 

187.59 

1.57 

7991.* 

77.94 

7750.* 

86.W 

197.* 

J77.* 

1.43 

7977,* 

77.* 

7750.  W 

97.* 

187.  * 

177.50 

1.48 

797 J.* 

77.91 

7750.  W 

98.* 

(97.48 

179.78 

1.70 

7955. W 

28.09 

7750.* 

99.* 

197.48 

178,50 

1,10 

7989.* 

27.48. 

7750.* 
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3i4f-.ee 

29.51 

7750.00 

129.ee 

U-7.9e 

179.9e 
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27S0.ee 

131.ee 

u-?.ie 

17e.ee 
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3i8i.ee 

29.57 

27S0.ee 
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317e.ee 

79.63 

7750.00 

J3e.ee 
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3j76.ee 

3B.08 

775e.ee 
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2756.66 
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3166.66 
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2750.66 

178.68 

169.66 

181.26 

1.19 

3168.06 

29.23 

2756.66 

179.66 

167.96 

179.66 

1.31 

3167.66 

28.97 

2756.66 

186.66 

169.86 

182.16 

1.34 

3147.66 

29.26 

2756.00 

181.66 

169.96 

181.56 

1.31 

3132.06 

29.28 

2750.66 

182.66 

188.66 

179.46 

1.31 

3183.66 
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2756.66 

183.66 

188.16 

179.16 

1,28 

3161.66 

29.26 

2756.66 

184.66 

171.36 

163.50 

1.34 

3697,66 

29.34 

7756.00 

185.66 

J71.46 

183.50 

1.52 

3189.66 

29.82 

2756.66 

186.66 

173.26 

181.50 

1.34 

3183.66 

28.71 

2756.06 

187.66 

188.66 

168.96 

188.96 

179.86 

178.70 

1.28 

1.25 

3176.66 

3103.66 

28.53 

28.57 

2750.66 

2756.06 

189.66 

178.26 

187.50 

1.58 

3188.66 

28.86 

2756.00 

196.66 

191.66 

J72.66 

J75.26 

180.88 

188.50 

1.51 

1.52 

3189.66 

3183.66 

27.78 

27.82 

7750.66 

7756.66 

192.66 

175.36 

187.16 

1,54 

3187.66 

77.78 

2756.06 

193.66 

172.46 

183.66 

1.54 

3266.66 

27.98 

2750.66 

194.66 

176.66 

182.46 

1.42 

3171.66 

27.73 

2750.06 

195.66 

167.36 

178.26 

1.46 

31)7.60 

28.29 

2756.66 

196.66 

167.16 

177.86 

1.35 

3119.66 

28.45 

2756.06 

197.66 

176.66 

177.36 

J.35 

3188.66 

28.57 

2750.06 

198.66 

169.76 

175.58 

1.35 

3!  13.66 

28.7) 

2750.66 

199.66 

169.26 

174.80 

1.28 

3196.66 

29.59 

2756.66 

266.66 

175.36 

188.26 

1.66 

3156.66 

36.35 

2756.66 

261.66 

176.66 

184.36 

6.72 

3128.06 

30.68 

2750.66 

262.66 

178.66 

168.86 

1.68 

3188.66 

36.23 

2756.66 

263.66 

178.46 

189.16 

0.82 

3156.66 

36.11 

2750.08 

264.66 

179.96 

188.26 

6.84 

3188.66 

29.9? 

2750.66 

266.66 

J 73.86 

184.26 

6.92 

3199.66 

36.13 

7756.80 

268.66 

186.66 

187.56 

6.77 

3127.66 

29.99 

2756.66 

267.66 

179.66 

189.86 

6.85 

3)38.66 

30.66 

2756.66 

266.66 

171.86 

182.56 

1.65 

3158.66 

31.05 

7750.66 

269.66 

169.56 

186.66 

1.59 

3193.66 

3B.92 

2756.66 

216.66 

171.16 

>82.36 

1.59 

3188.66 

30.84 

2756.66 

211.66 

176.66 

186.56 

1.59 

3152.66 

31.63 

2750.66 

212.66 

169.86 

173.80 

1.22 

3688.66 

32.77 

2750.00 

213.66 

176.66 

186.40 

1.54 

3)69.66 

30.97 

7750.66 
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172.66 

183.86 
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3)62.66 

31.64 
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175.66 

188.96 
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7756.66 
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181.26 
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7756.66 
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7750.* 

3.19 

3)9).* 

30.95. 

7750.* 

3.19 

3194.* 

31.  *5 

5750.W 

3.15 

3195.* 

31.90 

7750.* 

3.14 

3771,* 

31.93 

7750.* 

3.14 

3.179.* 

31,99 

7750.* 

3,54 

3)94.* 

31,7*. 

7750.* 

3,14 

3775.* 

37.04 

7750.* 

3.1! 

37)5.* 

37.05. 

77*0.* 

3.14 

3739.* 

37.04 

7  750.* 

3.13 

37J3.00 

31.95 

7750,* 

3.19 

3715.  W 

37'.  Of. 

??*.* 

3.17 

3707.* 

31.99 

7750,* 

3.3? 

3174,* 

31.79. 

7750.* 

3,13 

3179.* 

31,43 

7750.* 

3.1? 

3715.* 

31.  *7 

7' 750,* 

3.10 

377?.* 

•7*  cn 
«»J  #  Ok* 

7750.* 

3.* 

3*7.* 

31.  *9 

7750.* 

3,10 

3199,* 

31,4.7 

7750.* 

3.10 

3715.* 

31.917 

7750.* 

3,09 

37?!.* 

31.95 

7750. W 

3.0f: 

3)93,* 

31,79 

7750,* 

3.07 

3709,* 

31.791 

7750,  * 

3.09 

3)93.* 

."'I ,  fit' 

7750.* 

3,09 

317*.* 

31,94 

7750.* 

3.0f: 

3194.* 

31.77' 

7750.* 

3.0*. 

3IS3.* 

31.73. 

7750,* 

3.07 

3)*.* 

31.97' 

7750.* 

3,* 

31*.* 

31,99 

7750, * 

?  -i°, 

7.719,* 

31.90 

7750,* 

3,00 

3799.* 

37,07' 

7750.* 

3.03 

3)90.* 

31,70 

77 50,* 

3,0* 

3*!.* 

3).* 

7750. W 

3,01 

3)97.* 

3J.W 

7750,* 

3,* 

3?*.* 

30.94 

779.3.* 

7,9* 

3197,* 

30.94 

7750.* 

7.99 

3)9*,* 

31,91 

7750.* 

7.94 

377*..* 

31.90 

77 50.* 

')  Cl) 

315*.,* 

.".I .  **• 

7750.* 

7.9? 

3143.* 

31.54 

7750.* 

7.?4 

31*3.* 

31,5;' 

7750.* 

7,95 

3!??.* 

31.  *9 

7750.* 

7.93 

3175,* 

31.77 

7750.* 

'}  O) 

31*7.* 

79.07 

7750.* 

7.95 

3147.* 

31,*? 

7750.* 

-1  07 
/  •  1 

3194.* 

31.*? 

7750.* 

3.14 

3!  SI.* 

31.*? 

7750.* 

3.0? 

3707.* 

31.90 

7750.* 

3.0f: 

3154.* 

/, 

7750.* 

3.1? 

3173,* 

3).  *7 

7750. * 

3,1! 

31*9.* 

31.55 

7750.* 

3,* 

3197'.* 

34.5) 

7750.* 

3.09 

31*5.* 

30.0? 

7750.* 

455 


7FS.ro 

165.40 

i7f.ro 

3.  IP 

3)  sp.ro 

3J.fJ 

?75R.ro 

7ff.ro 

ifp.ro 

i7f.ro 

3. 09 

3iR5.ro 

TP.  91 

77SR.ro 

7f.?.ro 

17P.7P 

iR7.ro 

3.JI 

3i4i.ro 

31.TO 

77SR.ro 

7Ff.ro 

1ff.FR 

J77.7P 

3.  IP 

3i7f.ro 

3J.PP 

77SR.ro 

Tf-R.PR 

tff.ro 

J77.PP 

3.  IP 

31  S-7.ro 

31.5-4 

77SR.ro 

77f.ro 

170.40 

1R1.TO 

3,  P9 

3174.ro 

3J.fP 

77SR.ro 

77t. ro 

Iff.  TO 

177.7P 

3.  P7 

3ifp.ro 

7P.97 

77SR.ro 

777.ro 

ifR.ro 

ipt.ro 

3.  TO 

3ifR.ro 

31.46: 

77SR.ro 

773.ro 

1 73,ro 

iro.ro 

3.  TO 

3jfs.ro 

76:., TO 

77SR.ro 

774.ro 

tfp.ro 

JR8.fR 

3. 04 

3149.00 

TP.  39 

77SR.ro 

77S.ro 

t73.ro 

1P4.SP 

3.16 

3isp.ro 

317.01 

77SR.ro 

77F.ro 

i73.ro 

tP4.ro 

3.JP 

3isp.ro 

79.  If- 

77SR.ro 

777.ro 

Iff.!  fl 

177.  IP 

3.P9 

3ifi.ro 

79.79 

77SR.ro 

77f.ro 

i73.ro 

103,10 

3.  PS 

3if4.ro 

TP.  PS, 

775R.ro 

77f.ro 

iff.  ip 

i77.ro 

3.P3 

3if9.ro 

79.  IP 

77SR.ro 

7ro.ro 

i77.ro 

tP4.ro 

3.  TO 

3i7i.ro 

31.F-4 

77SR.ro 

7Ri.ro 

173.ro 

iR7.ro 

3,  PS 

31 7ft.  TO 

3J.S9 

77SR.ro 

7R7.ro 

tfs.ro 

i7f.ro 

3.P4 

3194,00 

31.  TP 

77SR.ro 

7R3.ro 

177,00 

1P3.fR 

3.  TO. 

3JS5.ro 

3J.4f- 

77SR.ro 

7R4.ro 

177.ro 

IPR.7P 

3.  PS 

3147.ro 

7P.P4 

77SR.ro 

7RS.ro 

tfs.ro 

1 7f.ro 

3.  TO. 

3JR7.ro 

31,  TO. 

T9SR.ro 

7TO.ro 

Iff, TO 

166.46 

3.  If 

3755.00 

31.R7 

77SR.ro 

7R7.ro 

iff.ro 

J77.4P 

3,16 

3iPi.ro 

3J.f4 

77TR.ro 

7RR.ro 

1ff.FR 

i77.ro 

3,  TO 

3147.ro 

30.33- 

?7SR.ro 

7TO.ro 

iff.ro 

177.7P 

3.  PS. 

3ifi.ro 

30.46 

77SR.ro 

7TO.ro 

iff. ip 

177.JP 

3.  TO 

3if7.ro 

3R.  34 

77SR.ro 

7Ri.ro 

1ff.TR 

i77,ro 

3.P7. 

3i4P.ro 

31.  SS 

77SR.ro 

7R7.ro 

i73.ro 

jps.ro 

3.P4 

314R.ro 

31,75 

77SR.ro 

7R3.ro 

iff.ro 

t7P.ro 

3.PJ 

3J5.9.ro 

31.47 

77SR.ro 

7TO.ro 

177,  IP 

1PP.fR 

3.P7. 

3131,00 

31.39 

77TR.ro 

7TO.ro 

i7s.ro 

1P7.3P 

3,P! 

3i4f.ro 

3R.J6 

77TR.ro 

7Rf.ro 

17R.fR 

iRi.ro 

3.P1 

3143.00 

79.69 

77TR.ro 

7R7.ro 

iR7.ro 

194.30 

Ctrt 

/  • 

3ii9.ro 

79.6? 

77TR.ro 

7TO.ro 

!f3.7P 

I74.ro 

/ ' 

3704.TO 

3J.TP 

77SR.ro 

7RR.ro 

If 7. PR 

17P.4P 

3,  // 

3ifp.ro 

79.73 

77TR.ro 

Rro.ro 

ifsS.ro 

J7f..3R 

3.7P 

3)57.00 

31,43 

77TR.ro 

roi.ro 

ifs.ro 

)7f..7R 

3.1P 

3J4P.ro 

79.33 

77SR.ro 

RR7.ro 

IfS.TR 

17ft.  TO 

3.17 

3!  4F-.00 

79.74 

77SR.ro 

PR3.ro 

1fS.TR 

i73.ro 

3,19 

3iP9.ro 

yq 

77SR.ro 

pw.ro 

1fS.4P 

ITS..  TP 

3.17 

3j7P.ro 

79.07 

77SR.ro 

RTO.ro 

IfS.TR 

173.TO 

3,  If 

37TO-.ro 

79.  SP- 

77SR.ro 

pRf.ro 

IfS.TR 

i7R.ro 

3,14 

3J4R.ro 

79.36 

77SR.ro 

pR7.ro 

IfS.TR 

171, 4R 

3,14 

3144.00 

31,61 

77TR.ro 

PRR.ro 

If 7,  TO 

JP7,  SR 

3.14 

3J4f,ro 

’/O'  yr 

77TR.ro 

RpR.ro 

tfp.ro 

J77.7P 

3,  IS. 

3iTO.ro 

79,13 

77TR.ro 

Rjp.ro 

if.R.ro 

IP) .7P 

3,13 

3)57,00 

79.03 

77TR.ro 

Rii.ro 

tf7.ro 

I77.4P 

3.JS 

3if-3.ro 

3J.SP 

77TR.ro 

Ri7.ro 

iff.ro 

173.PP 

3,14 

3)  7S-.ro 

79.1? 

77TR.ro 

Ri3.ro 

iff.ro 

«7?.fR 

3,17 

3JSR, ro 

31,47 

77TR.ro 

Ri4.ro 

Jf7.4P 

J77.3R 

3.J7 

3147,00 

79.73 

?75R.0R 

Rjs.ro 

If 7. TP 

JP7.PR 

3.P9 

3ifP.ro 

7R.JP 

77TR.ro 

Rif.ro 

If7,7P 

177, TP 

3,17 

3)37,30 

79.S) 

77TR.ro 

Ri7.ro 

1ff.TR 

17R.3P 

3.  J? 

3isp.ro 

79,39 

77TR.00 

Rjp.ro 

ifs.ro 

ITS .SR 

3.13 

3JS7.ro 

30.  TO 

77se.ro 

RiR.ro 

iff.ro 

IP!, IP 

3,13 

3iss-.ro 

79. 4P 

77TR.ro 

mM 

971.99 
9? 7.99 

077.00 

974.99 
075.99 
MM 
P77.09 
MM 
MM 
mM 

931.99 
MM 
MM 
MM 
MM 

mm 

MM 

P3P.9P 

MM 

QACt  M 

041.09 

947.00 

943.99 
mM 

945.99 
mM 
047  M 
mM 
949,09 
059.00 
051.00 
0P7.90 
MM 

954.99 
MM 
MM 
MM 
MM 
MM 
mM 

961. 99 
067.00 
a&3.09 
mM 
MM 
mM 
mm 
066.00 
mM 
mM 
m  m 

077  M 

973.99 
mM 


566.49 

mm 

16  7M 
MM 

566.79 
MM 
MM 

465.49 

m.w 

mM 

479.00 

MM 

MM 

577.99 

179.79 
tf*."? 
MM 
MM 
MM 
MM 

479.40 

MM 

MM 

MM 

MM 

477.9P 

177.99 
477.39 
477. '0 

171.79 
17J.fle 
167,90 
MM 

460.79 
167. 
467.6P 

167.79 

167.79 
467. TP 

169.59 
\<)M 
kp.sp 

469.69 
56.0.99 
MM 
477.00 
471 M 

179.59 

175. 49 
169.  IP 
174.09 
469.4P 
J75.R0 

473.79 


176. 79 
474. TP 
194 .PP 
1Pf>.TP 
407,00 
176.PP 

199.49 

499.40 

176.99 

199.79 

463.99 
176. TP 
4  76.  TP 

107.59 
46). r9 

176.99 
MM 

469.69 

469.59 

476.59 

499.69 

476.99 

177.70 

176.69 
169.00 
IP?. IP 

467.69 

467.79 

593.99 

197.79 
JP7.4P 
191, 9P 

579.59 

479.59 
’76.59 
479.  IP 

479.69 
479.7P 

479.99 

479.49 
47P.9P 

467.59 

499.69 
179, TP 

169.79 
479. TP 
197.T9 

167.40 

495.79 

495.99 

179.59 

197.79 
599,09 

195.79 

494.69 


3436.99 
T)  59.99 
7-444,99 
3)63,09 
Tl 77,99 

7174.99 
7)74,99 
7)74,99 
7!7?,»4 
7-474,99 

3466.99 

7579.99 
3465.09 
7475.90 

7161.99 

3546.99 
3)46,99 
7J74.99 
7)44,99 
3)65.99 

3174.99 

7449.99 
7)49.99 

7447.99 
71 56-,  99 
3)99,99 

3457.99 
3)64,99 
3)57,99 

3159.99 

3546.99 
3)79.99 
7)44.99 

7471.99 

7557.99 

7474.99 

7444.99 
7)44.99 
3459.00 
3176.09 
3479.09 
3)  36>,  99 

3449.99 
35)9,99 
3557,09 

3451.99 
3146.FP 
3579,(9 

3141.99 

31 49.99 
3164.09 
3463.09 
3!  46.,  99 
3)74,99 

3430.99 


7759.  (9 
TTfP.FP 
7MM 
7759.(9 
7759.99 
7759.  W 
7759.  fd 
7759.00 
77 59,(9 
7759.99 
7759.(9 
775P.FP 
7759.99 
7759.99 

7759.99 
7750.  FP 

7750.99 

7750.90 
7759.  F9 
7759.09 
7759.  fp 

7759.99 
7750,  fP 
7750.09 

7750.99 

7750.99 

7759.90 

7750.90 
7750,09 
775P.09 
7750, CP 
7750,09 
7750.P9 

7750.99 
7750.09 
7750.09 
7750.09 

7759. 99 

7750.99 
7750.  FP 
7750.  FP 
7750.(0 

7750.99 

7750.99 
7750.(0 
7750.90 
7750,09 

7750.99 
7750,  FP 
7750,99 
7750,09 
7750,99 

7750.99 

7750.99 
7750.99 
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875,80 

174.70 

184.88 

3.83 

3175.W 

31.53, 

7750.66 

876,  80 

173.10 

184.88 

3.C<7 

3)37 .08 

71.46 

7750.60 

877,80 

169.60 

160.88 

3.06. 

3177.00 

31.4? 

7750.60 

878.80 

16.9.80 

160.50 

3.06. 

3134.80 

31.36. 

,'756.60 

878,00 

169.60 

188.00 

3.05 

3)  46..  60 

31.50 

7750.60 

880.80 

16.7.50 

177.70 

3.07 

3)11.08 

31.70 

7750.60 

881.  00 

167.60 

178.50 

3.06 

3136,60 

36.77 

7750.60 

m.n 

166.60 

177.70 

3.85. 

3157.80 

31.78 

7750.60 

883.W 

167.70 

178.00 

3.81 

3)76,08 

31.36 

7750.(0 

884.00 

169,10 

179.60 

3.01 

3149.00 

38.65 

7750.60 

885.00 

177.58 

187..  18 

3.8? 

3108.00 

79.97 

7750.60 

8K..00 

171.48 

187,88 

3.88 

3149.60 

30.85 

7750.60 

887.80 

167.78 

177.50 

7.98 

3150.60 

38.88 

7750.60 

888.00 

167.38 

177,58 

7.961 

3146,60 

30.50 

7750.60 

888,00 

16.7.50 

178.88 

7.98 

3149.60 

70.50 

7750.60 

890.08 

178.70 

179.78 

7.98 

3)37.00 

38.58 

7750.60 

891.00 

173.80 

183.78 

3.8? 

3)47,80 

38.49 

7756.60 

897.08 

175.00 

183.00 

3.87 

3148,06 

30.67 

7750.60 

893.08 

173.50 

184.88 

3.81 

3)53.00 

38.65 

7750.88 

894.00 

168.78 

179.48 

3.88 

3171.60 

38.% 

7750.60 

895.08 

175.58 

185.78 

3.84 

3176.00 

30.6) 

7750.08 

896.« 

173.38 

J84.78 

3.84 

3115.60 

30.79 

7750.60 

897.08 

169.08 

179.38 

3.8) 

3)17.80 

38.85 

7758.60 

898.08 

171.50 

'87.70 

3.81 

7144.60 

31.66 

7750.60 

899,80 

174,78 

185..  58 

3.87 

3133,60 

38.39 

.7750.88 

900.00 

178.58 

181.48 

3.87 

3097.00 

31.75. 

7750.88 

901.00 

173.88 

184.60 

7.97 

3134.08 

31.77 

7750.88 

987.00 

173.58 

184.88 

7.96. 

3)16,00 

38,77' 

7750.80 

903.00 

175.78 

185.88 

7.95 

3150.00 

31,35. 

7750.80 

904.00 

166.78 

176.60 

3.88 

3J1J.00 

31,76; 

7750.80 

905,  .00 

166.78 

177.70 

7.93 

3)67.60 

31.6.9 

7750.80 

906.00 

167,70 

177.68 

3.15 

3)79,80 

31,80 

7750.60 

907.00 

166.10 

176.50 

T  71 
o*  »  } 

3171.60 

31.7? 

7750.80 

908.00 

'77.48 

183.48 

3171.60 

31.5! 

7750.80 

909.00 

171.88 

581.60 

3.65 

3)64.60 

TO  d? 

7750.80 

910.00 

171.58 

J87.70 

3,68 

3158.60 

78.79 

7750.60 

91 J ,00 

166.58 

177.58 

3,65 

3164.60 

751.80 

7750.60 

917,00 

171.50 

1667.70 

»’«*  KH 

3138.08 

-'9,73 

7750.80 

913.00 

177.88 

181.68 

7.0 

3105,60 

31.73 

7750.80 

914,00 

166.58 

177,18 

3rU 

3138.60 

31 . 46; 

7750.80 

915.00 

171.00 

181.78 

7.0 

3167.80 

31.69 

7750.80 

916.80 

165,58 

176.08 

3.  £5 

3115.88 

31.30 

7750.80 

917,00 

171.68 

J87.60 

7.0 

3165.08 

■?!  *70 

*•.»  »  i  J 

7750.60 

918.00 

178.60 

181.48 

3,7.1 

5)60.88 

31.60 

7750,60 

919,06 

178,50 

181.78 

7  'r 

\s.- 

3159.00 

31.65 

7750,80 

976.00 

178,00 

188.60 

3,71 

5’ 38. 00 

31.57 

7750.80 

971.00 

165.70 

176.58 

7,76' 

7*  47,  00 

31.74 

7750.80 

977.00 

165.00 

ITT-.  48 

3.67 

3?  44.80 

76.49 

7750.80 

975.00 

166,10 

176.68 

3.5P 

5  J  74.00 

79.67 

7750.80 

974.00 

16-9.60 

160.18 

5149.60 

.79,37 

7750.80 

975.00 

160.18 

176.88 

~.98 

5536,80 

31,51 

7750.80 

976.00 

167.8P 

177,46 

3,65 

3.176,60 

31.43 

7750.80 

977.00 

167.70 

.178,78 

7  r-o 

3157.80 

76.5) 

7750,80 

978.06 

167.00 

177,68 

-  i — ■ 

•  •, 

3139.00 

31.61 

7750.80 

°?9.«» 

'77.08 

'87.98 

3.44 

3134,08 

31.79 

7750.80 

458 


98T,te 

If?,  If! 

177.90 

^  /o 

7.?r-.ee 

71.7? 

7758.00 

980.  te 

V0.70 

I?7.1* 

3191.00 

71.87 

77T0.ee 

fipr.flP 

ifo.flp 

•TC^Qp 

7.T' 

7.717.00 

71.9ft 

77T0.ee 

r«<M 

tv' 7. 10 

♦  •to  qr» 

?  V?' 

T.7K..W 

75,87 

77T0.ee 

tfd.ifl 

^  r  ^  7 

7.705.  ee 

71.77 

7750.ee 

Kr.tw 

7,147.00  • 

71.48 

7750.00 

qq»pflp 

1*fi,10 

tTP.fifi 

0  fr 

3j99.ee 

7J.M 

77T0.00 

w.rip 

t-^i  rr< 

179,80 

?.\A 

3199.ee 

71.89 

77T0.08 

007;  r(W 

iT'J.Tfi 

r.(* 

fit?. 

3173.ee 

71.89 

77T0.80 

Wi4M 

tf.fi.ffi 

tTfi.ff! 

?  f C, 

TTflJ.W 

71.8? 

77T0.fe 

«*,ep 

<77,ffi 

?.«. 

3190.08 

71.94 

7750.ee 

w,np 

?.f-fi. 

3179.80 

74.74 

77T0.ee 

w.po 

*'»•  r/; 

577,  T9 

?rf.7 

7.707.08 

79.41 

7770.00 

«flp,ep 

t?f.,4fi 

3707.00 

79.71 

77T0.ee 

W.00 

trf.fifi 

7  t  t 

3784.00 

71.78 

77T0.ee 

uee.i* 

1*r?  Cfr 

179,80 

7154,08 

79.75 

7750.ee 

tpp’.op 

*ff.Ti 

ITT.TP 

7,0-; 

71?4.0Ct 

70.75 

77T0.ee 

1  per,  00 

1  ,'r  0^ 

17*:. 'Ci 

7,00 

7041.00 

70, 7  7 

?7T0.ee 
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APPENDIX  R 

ENDURANCE  AND  DURABILITY  TEST  GRAPHICAL  DATA 


I 


GRAPHICAL  DATA  OF  ACCELERATED  LIFE  TEST  FOR  MANUFACTURE  Ml 


Test  Specimens  Consisted  Of: 

Pump  #348,  #349,  and  #351 

Every  other  data  point  was  used  to  plot  the  graph  in  order  to 
improve  readability. 
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GRAPHICAL  DATA  OF  ACCELERATED  LIFE  TEST  FOR  MANUFACTURE  M2 


Test  Specimens  Consisted  Of: 

Pump  #355,  #358,  and  #361 

Every  other  data  point  was  used  to  plot  the  graph  in  order  to 
improve  readability. 
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GRAPHICAL  DATA  OF  ACCELERATED  LIFE  TEST  FOR  MANUFACTURE  Ml  AND  M2 


Test  Specimens  Consisted  Of: 

Ml  -  Pump  #353  and  354 
M2  -  Pump  #356 

Every  other  data  point  was  used  to  plot  the  graph  in  order  to 
improve  readability. 
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GRAPHICAL  DATA  OF  ACCELERATED  LIFE  TEST  FOR  MANUFACTURE  M3 

Test  Specimens  Consisted  Of: 

Pump  #364,  366,  and  367 

Every  other  data  point  was  used  to  plot  the  graph  in  order  to 
improve  readability. 
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GRAPHICAL  DATA  OF  1 ,000  HR.  TEST  FOR  MANUFACTURER  Ml  AND  M2 


Test  Specimens  Consisted  Of: 

Ml  -  Pump  #352 

M2  -  Pump  #357  and  360 


For  pump  #352  every  data  point  was  used  to  plot  the  graph. 

For  pumps  #357  and  360  data  points  at  20  hour  intervals  were  used 
to  plot  the  graph  to  improve  readability. 
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APPENDIX  S 

ORIGINAL  THERMAL  STABILITY  SURVEY 


THERMAL  SURVEY 
Revised  3/23/81 


ATO  Hyd.  Product  Jiv. 
527  W.  Rich  St. 
Columbus,  OH  43215 


Abex  Denison  Div. 
1220  Dublin  Rd. 
Columbus,  OH  43216 


Adan  Hydraulics,  Inc. 
5630  Shattalon  Dr. , 

Box  11946 

Winston-Salem,  NC  27  lob 


John  S.  Barnes  Corp. 
2222  15th  St. 
Rockford,  IL  61125 


Cessna  Fluid  Power  Div. 
Box  1028 
3401  E.  4th 
Hutchinson,  KS  6  750 1 


Mike  Menck 


R.  Smilges 

Dir.  Vane  &  Valves 


Terry  Sulian 
Ch’ef  Engineer 


Floyd  E.  Carlson 
Ui rector  of 
Engi neeri ng 


Loren  Alderson 
Mgr.  New  Product  Eng. 


Commercial  Shearing,  Inc. 
Box  239 

1775  Logan  Ave. 
Youngstown,  OH  44501 


Edward  J.  Ratkay 
Mgr.  of  Qual i ty 
Assurance 


Continental  Hydrau I ’ cs  Div.  A.D.  Mills 

12520  Quentin  Ave.  S.  Ch’ef  Engineer 

Savage,  MN  55378 


Cross  Manufacturi ng  Co.  Dave  Johnson 

1300  Sierra 
Wichita,  KS  67209 


Delavan  Corp. 

811  4th  St.  Mgr.  F.P.  Eng. 

West  Des  Moines,  IA  50265 


614/224/3394 


614/481/7341 


919/7*7/ i 7 


81 5/  100 


316/663/5751 


216/746/0811 


612/890/3300 


110-942-1295 


515/274/1561 


Double  A  Products 
715E  Duncan  St. 
Manchester,  MI 


Jim  Gill 


313/428/8311 


Edward  Rock 
Mgr.  Hyd.  Uiv. 


HU 0/336/37? 7 


Dcwty  Corp. 

P.0.  Box  500GC ,  Dept.  5 
Sterling,  VA  '  7U 


Dynapower 
Starbuck  Ave. 
Watertown,  NY  13601 


John  L.G.  Young  IIj/788/8181 

Mgr.  of  Engine-  ring 


Dynex/Rivett  Inc. 
770  Capi to  I  Dr. 
Pewaukee,  WI  6 >072 


Allan  E.  Heinrich  414/691/0300 

Mgr.  of  Engineering 


Eastern,  Ind. 

LEE  FI ds .  Ctr 1 .  Qi v. 

110  Skiff  St. 

Hamden,  CT  06614 

W.J.  Walker 

Project  Engineer 

203/281/8132 

Eaton  Fid.  Pwr.  Operations 
Spencer  O’v. 

32nd  Ave .  Wes  t 

Spencer,  I A  6.301 

Ken  Knapp 

Engineering  Mgr. 

712/264/3216 

Energy  Mfg.  Co.,  Inc. 

100  N.  Main  St. 

Monticel lo,  IA  o231G 

R.R.  Landis 

Engineer 

319/465/35 37 

EMC  Corp. 

Northern  Ordnance  Oiv. 

4800  E.  River  Rd. 

Minneapolis,  MN  55421 

Tom  Gi fford 

Sup.  Pump  Eng. 

612/560/9201 
Ext.  2505 

Federal  Brase  Mfg.  Co. 

16b  Cedar  St. 

Corning,  NY  14630 

James  Dugan 

Chief  Engineer 

607/732/6620 

General  Signal  -  Hydreco 

Box  2676 

9000  E.  Michigan  Ave. 

Kalamazoo,  MI  49003 

James  L.  Glidden 

VP  -  Engineering 

616/349/151 1 

Gresen  Mfg.  Co. 

8ox  313, 

600  Hoover  St.  N.E. 

Minneapolis,  MN  55440 

Bob  Olen 

612/623/1960 

c , 

> 

HPI-Nichols 

7900  Durand  Ave. 

Sturtevant,  WI  53177 

Jack  L.  Johnson 
Engineering  Mgr. 

1 

614/224/3394 

r 

'■ 

Heil  Co. 

3042  W.  Montana  St. 

Milwaukee,  WI  53201 

Norman  Glomski 

Chief  Engineer 

414/647/3256 

MTE  Hydraul i cs  Inc. 

4701  Kishwaukee  St. 

Rockford,  IL  01101 

Robert  Ernst 

Chief  Engineer 

8l 5/ 39// 4  "c 1 

Monarch  Road  Machinery  Co. 

P.0.  Box  1764 

Grand  Rapids,  MI  4950! 

John  Jdv_Xobu l  ce 

Chief  Engineer 

6  1 6/458/  !  i  ,6 

W.H .  Nichols  Co. 

Dr.  Earl  Marorey 

6 1 7/894/ 06 3 C 

48  Woerd  Ave. 

Waltham,  MA  02154 

Engineering  Mgr. 

Ext.  259 

Oilgear  Co. 

Kerry  KanieS 

414/327/1 70C 

2300  S.  51st  St. 

Milwaukee,  WI  53219 

Eng.  Lab  Sup. 

E  x f .  364 

• 

i 

1 

Owatonna  Tool  Co. 

Precision  Hyd.  Div. 

Eisenhower  Dr. 

Owatonna,  MN  55060 

Jan  Boers 

Mgr.  of  Engineering 

507/451/5310 

Parker  Hanni fi n  Corp. 

Ind.  Hyd.  Div. 

100  Parker  Dr. 

Ostego,  MI  4T  78 

John  Wright 

Chief  Engineer 

616/694/9411 

\ 

.  \ 

Parker  Mobile  Hyd.  Div. 

Peter  Wi 1 Imer 

216/531/ 3010 

17325  Euclid  Ave. 

Cleveland,  OH  44112 

Chief  Enqirieet 

..  i 

Permco,  Inc. 

Box  68 

1500  Frost  Rd. 

Streetsboro,  OH  44240 

John  Bates 

Director,  of  Lug. 

216/626/2801 

i  I 

k  i  .  — 
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Rexnord  Inc. 

Hyd.  Components  Div. 

Racine,  WI  53401 

Ga  ry  Smi  th 

Chief  Engineer-Pumps 

414/554/7100 

Rexroth  Corp 

2315  City  Line  Rd. 

Box  2407 

Bethlehem,  PA  18018 

Ted  Lincoln 

215/694/8300 

Ross  Gear  Div.  of  TRW 

Box  60 

800  Heath  St. 

Lafayette,  IN  47902 

Dave  Shropshire 
Engineering  Mgr. 

317/423/5377 

Scnrader  Bel  lows  Di v. /Scovi 1 1 ,  Inc. 
Box  631 

200  W.  Exchange  St. 

Akron,  OH  44309 

James  D.  Bowman 

Sales  &  Engrg. 

Mgr. -Hydraulics 

216/375/1349 

Sperry  Vickers 

1401  Crooks  Rd. 

Troy,  MI  48084 

Ashi r  Ahmed 

Sect.  Head 

Vane  Pumps 

313/280/2244 

Stone  Hydraulic  Industries,  Inc. 

2130  Harlem  Rd. 

Rockford,  IL  61111 

Bruce  Olson 

Chief  Engineer 

815/633/7215 

Sundstrand  Hydro-Transmission  Div. 
2800  E.  13th  St. 

Ames,  IA  50010 

John  Pinkerton 

Chief  Eng. 

Hydrostatics 

515/239/6000 

Tyrone  Hydraulics,  Inc. 

Box  511 

Corinth,  MS  38834 

Jim  McBurnett 
VP-Engineering 

601/287/1481 

Wal ter  Marietta 
Mgr.  Engineering 


Webster  Electric  Co.,  Inc. 
1900  Clark  St. 

Racine,  MI  53403 


414/633/3511 


January  28,  1981 


Mr.  Tom  Kendall 
Chief  Enginee 
Abex  Denison  Div. 

1220  Dublin  Rd. 

Columbus,  OH  43216 

Dear  Mr.  Kendall: 

The  Milwaukee  School  of  Engineering  has  been  contracted  by  the  US  Army 
MERADCOM  to  investigate  thermal  stability  in  hydraulic  pumps  in  order  to 
develop  criteria  for  a  universal  test  procedure.  The  findings  of  this 
survey  and  the  resulting  test  procedure,  if  one  can  be  developed  will  be 
given  to  independent  standards  writing  bodies  such  as  NFPA,  SAE,  and  ISO 
for  consideration  as  a  national  standard.  Before  proceeding  with  the 
development  of  a  thermal  stability  test  procedure,  we  are  surveying  pump 
manufacturers  to  determine  the  best  course  of  action. 

Realizing  that  some  of  the  information  maybe  proprietary,  I  want  to  give 
you  my  personal  assurances  that  the  specific  results  of  y->ur  response 
will  be  held  in  the  strictest  confidence.  The  Army  has  requested  and 
will  receive  only  a  statistical  summary  of  the  individual  returns. 

If  you  would  take  a  few  minutes  to  complete  the  enclosed  survey 
questionnaire  regarding  your  thermal  stability  test  procedures  of 
hydraulic  pumps,  we  will  send  you  a  copy  of  the  summary  and  the  proposed 
thermal  stability  test  procedure.  Please  return  your  response  before 
February  23,  1981. 

Your  help  is  greatly  appreciated. 

Sincerely, 


Thomas  S .  Wanke 

Director,  Fluid  Power  Institute 
TSW:wp 
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HYDRAULIC  PUMP  THERMAL  STABILITY 
TEST  PROCLDURE  SURVEY 
MSOE  FLUID  POWER  INSTITUTE 


*  Complete  and  return  by  23  Feb.,  1981  * 


Instructions : 

Please  circle  the  appropriate  response  to  the  following  questions  and/or  fill 

in  the  required  information. 

1.0  Definition:  Thermal  stability  is  a  point  where  the  combination  of  high 
outlet  pressure  and  slow  rotational  speed  causes  the  outlet  temperature 
to  run  away  burning  up  the  pump  in  a  matter  of  minutes  while  the  inlet 
temperature  is  held  constant.  In  other  words,  what  is  the  minimum 
rotational  speed  of  the  pump  at  a  certain  pressure  that  produces  enough 
flow  through  the  pump  to  prevent  it  from  burning  up? 

2.0  Does  your  company  currently  use  a  test  procedure  to  determine  thermal 
stability  as  defined  in  section  1? 


YES 

NO 

General 

3.1  Is  your  procedure  based 

on  developmental 

YES 

NO 

laboratory 

YES 

NO 

or  field  studies? 

YES 

NO 

3.2  Has  your  procedure  evolved  over  time  and  experience  with  the  product 

YES  HO 

3.3  Was  your  procedure  arbitrarily  arrived  at? 

YES  HO 

3.4  Is  the  procedure  performed  at  one  fluid  temperature? 

YES  HO 


If  not  what  other  temperatures  do  you  run  at? 


4.0  Describe  the  test  procedure  that  you  use. 


4.1  Do  you  use  different  procedures  for  different  pump  types?  i.e 
vane,  piston. 


YES 


NO 


If  yes,  please  describe  the  other  procedures. 


5.U  If  a  universal  thermal  stability  procedure  could  be  developed  do  you 
feel  that  it  would  benefit  your  company? 


5.1  Would  you  use  the  procedure  to  qualify  your  companies  pumps? 


Thank  you  for  your  interest  in  our  project  and  any  recommendations  or  guidance 
your  experts  make  regarding  this  inquiry.  Additional  comments  may  be  attached 
if  desired. 

A  statistical  summary  of  the  survey  and  the  proposed  thermal  stability  test 
procedure  will  be  distributed  to  the  respondents. 

If  any  questions  should  arise,  please  contact  us. 


Company 


Name  and  Title  of  Respondent 


Phone  Number, 


